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Reliability of Electronic and Electrical Components and Equipment Sectional Committee, LITD 02 



NATIONAL FOREWORD 



This Indian Standard (First Revision) which is identical with IEC 61 124 : 2006 'Reliability testing — 
Compliance tests for constant failure rate and constant failure intensity' issued by the International 
Electrotechnical Commission (IEC) was adopted by the Bureau of Indian Standards on the 
recommendation of the Reliability of Electronic and Electrical Components and Equipment Sectional 
Committee and approval of the Electronics and Information Technology Division Council. 

The text of IEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be 
read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice 
is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards which are to be substituted in their respective 
places are listed below along with their degree of equivalence for the editions indicated: 



International Standard 



IEC 60050 (1 91 ) : 1 990 International 
Electrotechnical Vocabulary (IEV) — 
Chapter 191: Dependability and 
quality of service 



IEC 60605-2 Equipment reliability 
testing — Part 2: Design of test 
cycles 

IEC 60605-3 (All parts) Equipment 
reliability testing — Part 3: Preferred 
test conditions 



IEC 60605-4 : 2001 Equipment 
reliability testing — Part 4: Statistical 
procedures for exponential 
distribution — Point estimates, 
confidence intervals, prediction 
intervals and tolerance intervals 



Corresponding Indian Standard 

IS 1885 (Part 39) : 1999 
Electrotechnical vocabulary: Part 39 
Dependability of electronic and 
■{ electrical items (second revision) 

IS 1885 (Part 45) : 1977 
Electrotechnical vocabulary: Part 45 
^Capacitors 

IS 8161 (Part 2) : 1986 Guide for 
equipment reliability testing: Part 2 
Design of test cycles 

IS 81 61 (Part 3/Sec 1 and 2) : 1 986 
Guide for equipment reliability 
testing: Part 3 Preferred test 
conditions for equipment reliability 
testing, 

Section 1 Indoor portable equipment 
(low degree of simulation) 

Section 2 Equipment for stationary 
use in weather protected locations 
(high degree of simulation) 

IS 8161 (Part 4) : 1985 Guide for 
equipment reliability testing: Part 4 
Procedure for determining point 
estimates and confidence limits from 
equipment reliability determination 
tests 



Degree of Equivalence 



> Technically Equivalent 



do 



do 



do 
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International Standard 

IEC 60605-6 Equipment reliability 
testing — Part 6: Tests for the 
validity of the constant failure rate 
or constant failure intensity 
assumptions 



Corresponding Indian Standard 

IS 8161 (Part 6/Sec1 and 2) : 1983 
Guide for equipment reliability test- 
ing : Part 6 Tests for validity of a 
constant failure rate assumption, 

Section 1 Chi-square test 

Section 2 Kolmogorov-Smirnov test 



Degree of Equivalence 
Technically Equivalent 



The technical committee has reviewed the provisions of the following International Standards referred 
in this standard and has decided that they are acceptable for use in conjunction with this standard: 



International Standard 
IEC 60300-3-5: 2001 

IEC 61123 : 1991 



Title 

Dependability management — Part 3-5: Application guide — Reliability 
test conditions and statistical test principles 

Reliability testing — Compliance test plans for success ratio 



Only the English language text in the International Standard has been retained while adopting it in 
this Indian Standard and as such the page numbers given here are not the same as in the IEC 
Publication. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values {revised)'. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 
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Indian Standard 
GUIDE FOR EQUIPMENT RELIABILITY TESTING 

PART 7 COMPLIANCE TESTS FOR CONSTANT FAILURE 
RATE AND CONSTANT FAILURE INTENSITY 

( First Revision ) 

1 Scope 

This International Standard gives a number of optimized test plans, the corresponding 
operating characteristic curves and expected test times. In addition the algorithms for 
designing test plans using a spreadsheet program are also given, together with guidance on 
how to choose test plans. 

This standard specifies procedures to test whether an observed value of 

- failure rate, 

- failure intensity, 

- mean time to failure (MTTF), 

- mean operating time between failures (MTBF), 

conforms to a given requirement. 

It is assumed, except where otherwise stated, that during the accumulated test time, the times 
to failure or the operating times between failures are independent and identically 
exponentially distributed. This assumption implies that the failure rate or failure intensity is 
constant. 

Four types of test plans are described as follows: 

- truncated sequential tests; 

- time/failure terminated tests; 

- fixed calendar time terminated tests without replacement; 

- combined test plans. 

This standard does not cover guidance on how to plan, perform, analyse and report a test. 
This information can be found in IEC 60300-3-5. 

This standard does not describe test conditions. This information can be found in IEC 60605-2 
and in IEC 60605, Parts 3-1 to 3-6. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

IEC 60050(191), International Electrotechnical Vocabulary (IEV) - Chapter 191: Dependability 
and quality of service 

IEC 60300-3-5:2001, Dependability management - Part 3-5: Application guide - Reliability 
test conditions and statistical test principles 

1 
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I EC 60605-2, Equipment reliability testing - Part 2: Design of test cycles 

I EC 60605-3 (all parts), Equipment reliability testing - Part 3: Preferred test conditions 

I EC 60605-4:2001, Equipment reliability testing - Part 4: Statistical procedures for 
exponential distribution - Point estimates, confidence intervals, prediction intervals and 
tolerance intervals 

I EC 60605-6, Equipment reliability testing - Part-6: Tests for the validity of the constant 
failure rate or constant failure intensity assumptions 

IEC 61123:1991, Reliability testing - Compliance test plans for success ratio 

3 Terms, definitions, symbols and acronyms 

3.1 Terms and definitions 

For the purposes of this document the terms and definitions given in IEC 60050(191) apply. 

The terms "failure rate" and "failure intensity" are used as meaning constant failure rate and 
constant failure intensity. 

3.2 Acronyms and symbols 

3.2.1 Acronyms 

OC Operating characteristic 

SPRT Sequential probability ratio test (in some literature called probability ratio sequential 
test (PRST) 

3.2.2 Symbols 

The generic symbol X is used in the following for failure rate and failure intensity. 

The symbol m is used to denote both the following reliability measures: 

- mean operating time between failures, MTBF; 

- mean time to failure, MTTF. 

When used, the relationship between the above quantities, under the given assumptions, is: 

, 1 



Sequential test plans (see Clause 6) and fixed time/failure terminated test plans (see Clause 
7) are based on m as a reliability measure, thus in these cases: 

1 

m = — 

X 
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c acceptable number of failures during the test 

D discrimination ratio; D = m /m-\ or D = ^/Aq 

k summation variable for failures 

MTBF mean operating time between failures 

MTTF mean time to failure 

m true MTBF or MTTF 

m specified MTTF or MTBF m = 1/vLq (design goal) 

m A lower limit for MTTF or MTBF m A =~\/X\ 

n number of test items at the beginning of the test 

P a probability of acceptance 

p acceptable failure ratio 

q Q acceptable success ratio, q Q = 1 - p 

R(t) reliability at time t 

r observed number of failures during the test 

r test truncation failure number for sequential tests (SPRT) 

T accumulated test time 

r a * accumulated test time stated as accept criterion 

T a, min minimum test time for r = stated as accept criterion 

r e * expected accumulated test time to decision 

T*(+) expected accumulated test time to acceptance 

T* accumulated test time stated as reject criterion 

T x * accumulated test time stated as termination criterion 

t test time 

t* test truncation time 

t* test time for each test item (assumed here to be the same for all test items) 

U life time of failed item /' 

fcai.t calendar test time stated as termination criterion 

P(r) probability of r failures 

Aju auxiliary quantity for determination of c, A^ =c-/u 

a nominal producer's risk (type I risk) 

a' true producer's risk (type I risk) 



IS 8161 (Part 7): 2012 
I EC 61 124: 2006 



P nominal consumer's risk (type II risk) 

P' true consumer's risk (type II risk) 

X true failure rate per item 

Aq expected failure rate per item (design goal) 

/ti upper limit for constant failure rate per item 

M expected number of failures during the test at the true /L 

NOTE jX is not necessarily an integer. 

Hq expected number of failures during the test at the specified A as parameter of the 

Poisson distribution n Q =^ 

4 General requirements and area of application 

4.1 Requirements 

It is assumed, except where otherwise stated, that during the accumulated test time the times 
to failure or the operating times between failures are independent, and identically 
exponentially distributed. This assumption implies that the failure rate or failure intensity is 
constant. Under this assumption there is no difference between failure rate and failure 
intensity. Therefore they are both called X and referred to in the following as failure rate 

It is assumed that the requirement is specified in terms of the acceptable constant failure rate 
X Q , or the acceptable mean number of failures per time unit, X or the acceptable mean time 
to failure or mean operating time between failures, m . 

If it is necessary to test the constant failure rate/constant failure intensity assumption, the 
procedures given in IEC 60605-6 should be used. 

4.2 Applicability to replaced and repaired items 

The sequential test plans (see Clause 6), the time/failure terminated test plans (see Clause 7) 
and the combined test plans (see Clause 10) are applicable to the following: 

- replacement of failed items, 

- without replacement of failed items, 

under the assumption that 

- an item can be replaced by repair of the item itself; 

- the accumulated test time is calculated as elapsed operating item-time, in accordance 
with 5.4; 

- replaced items belong to the same population as the original items; 

- repaired items can be considered to have the same failure intensity after repair as they 
had before they failed. 

The calendar time/failure terminated test plans in Clause 9, however, are applicable to cases 
where failed items are not replaced and where a fixed number of items are placed on test for 
a fixed calendar time. This means that the test is running, even though the number of items 
under test may not remain constant because some items may not survive. 
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4.3 Types of test plans 

4.3.1 General 

Test plans are given for four types of tests: 

- truncated sequential tests (see Clause 6); 

- time/failure terminated tests (for fixed time/failure terminated tests see Clause 7, and for 
alternative time/failure terminated tests, see Clause 8); 

- calendar time terminated tests without replacement (see Clause 9); 

- combined test plans (see Clause 10). 

4.3.2 Advantages and disadvantages of the different test plan types 

The different test plan types are shown in Table 1. 



Table 1 - Advantages and disadvantages for the different test plan types 



Test plan type 



Advantages 



Disadvantages 



Truncated sequential 

Test plans in Clause 6 (Table 2), 
Annex A and Annex D 




Assures highest test efficiency 
(shortest test time). For the A test 
plans the user can develop new test 
plans using a spreadsheet program 



The C test plans have true alpha 
and beta risks which are closer to 
the nominal risks than the A test 
plans 



Complicated to administer 

For marginal reliability, the test time 
is longer than for time/failure 
terminated and combined test plans 

The test plans in Annex D are made 
by an iterative process. They cannot 
be computed using the 
spreadsheets described in Annex F 



'"0 



Time/Failure terminated 

Test plans in Clause 7 (Table 3) and 
Annex B 




Simple to understand and to 
administer 

For marginal reliability, the test time 
is often shorter than for sequential 
test plans. The user can develop 
new test plans using a spreadsheet 
program. 

More failure information is collected 
for a Test, Analyse and Fix Program 
(TAAF) using these test plans 



For very reliable, or very unreliable 
test items, the test time is much 
longer than for the sequential test 
plans, or for the combined test plans 
(in case of high reliability) 



Combined 

Test plans in Clause 10 (Table 4) 
and Annex D 



Reject 



1 



Combines the advantages of the 
time/failure terminated test plans 
and the sequential test plans. Very 
reliable test items will be accepted 
fast while test items with early 
failures will not be rejected early in 
the test. 

More failure information is collected 
for a Test, Analyse and Fix Program 
(TAAF) using these test plans 



More complicated to administer 

For test items of marginal reliability, 
the test may last longer than a 
sequential test plan 

The test plans in Annex D are made 
by an iterative process. They cannot 
be computed using the 
spreadsheets described in Annexes 
F and H 



Accept 



'"0 
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5 General test procedure 

5.1 Test conditions 

A guide on how to plan, perform, analyse and report a test can be found in IEC 60300-3-5. 
Test conditions can be found in IEC 60605-2 and IEC 60605-3-1 to IEC 60605-3-6. 

All of these test types can be accelerated to accommodate high reliability requirements and 
enable shorter time to market. Mission and life-cycle environment profiles and test conditions 
are provided as follows: 

The mission profiles should be used to determine the environmental specifications and should 
be derived from the operational life profile defined by the equipment or system requirements. 
If this information is not provided in the original contractual documentation, provision should 
be made to derive the mission profiles and the equipment environmental specifications. 

This derivation should make use of historical data on similar equipment applications and 
mounting platforms and the effect of equipment location in the platform should be accounted 
for. Each significant life-cycle event has to be considered including transportation, handling, 
installation and testing as well as for platform category and operational conditions. 

Environmental test conditions (reliability growth, qualification, acceptance tests) should be 
performed under combined influence of electrical power input, temperature, vibration, 
humidity and other appropriate test conditions: 

- the test level for these test conditions should be derived from the equipment's mission and 
environment profiles; 

- when the equipment is designed for one application with a single mission or one type of 
repetitive mission, there is a simple relationship between the test profile, mission profile 
and life-cycle environmental profile. The tests conditions should simulate the stress level 
during the mission; 

- if the equipment is designed for multi-missions and environmental conditions, the test 
profile should represent a composite of those missions, with the test levels and durations 
being rated according to the percentage of each mission type expected during the 
equipment's life-cycle. In order to derive realistic test conditions and levels, the actual 
environments (especially temperature and vibration) should be measured at the location 
where the equipment is to be mounted during actual operation. 

If design changes are made during the test, the accumulated test time shall start from after 
the changes have been incorporated in the test items, unless specifically agreed between the 
parties and justified in the test report (see IEC 60300-3-5). 

5.2 General characteristics of the test plans 

All test plans and decision criteria are based on either of two characteristics, as follows: 

- an acceptable number of failures in a specified test time; or 

- an acceptable test time for a specified number of failures. 

The detailed criteria for test plans, with variants, are given in 6.3, 7.3, 8.4 and 9.3. 
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5.3 Data to be recorded 

In order to apply the statistical procedures defined in this standard, the following data shall be 
recorded: 

- the observed number of failures; 

- the accumulated test time. 

If it is necessary to test the assumption stated in 4.1, the following data shall also be 
recorded: 

- the time of occurrence of each failure. 

5.4 Calculation of accumulated test time, T* 

Whenever the term "time" is used in this standard it can be replaced by other similar 
measures of the duration of the operation for the item(s) under test, e.g. distance driven, 
cycles, starts and test cycles (see IEC 60605-2). 

The accumulated test time r*is calculated as the sum of the test time accumulated by each 

item in the test. For more than one repaired item under test, the accumulated test time is the 
sum of all elapsed operational times (excluding all repair and other down times). 

When n items are put on test at the same time, the accumulated test time can be determined 
using the following formulae: 

T* = nxt* for tests with replacement of failed items 

r 

T* = (n-r)t +2Ji for tests without replacement of failed items 

where 

n is the number of items at the beginning of the test; 

t* test truncation time; 

tj life time of failed items; 

r number of failed items. 

It is necessary to monitor the test items during the test in order to replace failed items, 
register accumulated test time, and where required record time to failures (see 5.3) 

Several samples can be tested simultaneously or sequentially. The minimum sample size is 
n>1 with replacement and n>r +l without replacement. 

Calendar time is used to state the test time when more than one item is on test 
simultaneously (see Clause 9). 

For guidance on how to calculate accumulated test time when items enter the test after the 
test has started, or are removed from the test before the test ends (censoring) see 
IEC 60300-3-5 and IEC 60605-4 (Annex C). 
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The accumulated test time is normally counted as the operating time. If the parties to the test 
wish to include other operational modes such as, for example, "idle" or "stand by" in the test 
time e.g. in a test cycle, this has to be specified and agreed before the test is started (see 
IEC 60605-2). 

5.5 Number of failures 

In this standard the test result is determined by the test time and the number of failures. But 
in practice failures can have very different consequences. Therefore, the user should consider 
if there are failures that are so critical that the test is failed even though the total number of 
failures are not exceeded. Alternatively, there can be failures where the consequences are so 
insignificant that they should not be considered failures. All failures are counted except when 
they can be classified as non relevant, e.g. caused by factors not relevant for the reliability of 
the item in the field. Such classification rules should be agreed between the parties before 
start of the test (see IEC 60300-3-5). Re-classification of failures requires agreement between 
the parties and shall be justified in the test report. 

6 Sequential test plans 

6.1 General 

Sequential test plans are characterized by decision rules for accepting or rejecting 
compliance or continuing the test at any test time. They are determined by selected values of 
risks and discrimination ratio. To implement a test plan, m shall be specified. An overview of 
test plans is given in 6.4. The test plans and the corresponding operating characteristic 
curves and expected test times are stated in Annex A and Annex D. Examples and a 
mathematical reference are given in Annex E. Sequential test plans derived using a different 
methodology based on GOST 27.402 I 1 ]1 are numbered C1 to C8 and are included in 
Annex D. In order to facilitate comparison between the C test plans and the combined test 
plans they have been plotted together in Annex D. Descriptions of the iterative procedure for 
creating those test plans can be found in Annex K. 

6.2 Common test procedure 

The test procedure should include the following steps: 

- decide the combined environmental conditions to be applied during the test based on 
analysis to determine appropriate test conditions (see 5.1 and IEC 60300-3-5); 

- specify m , according to requirement or agreement; 

- choose risks, a and /?, and discrimination ratio, D, considering that low values of a /? and 
D make a more powerful test, but require longer test time and/or more items; 

- select a and /?. These are generally chosen to be equal (shared risk) for easier 
calculations and agreements; 

- select an appropriate test plan from Table 2 and Annex A or D; 

- note the test times, T a for accept, and T r for reject; 

- perform the test and apply the decision criteria in accordance with 6.3. 



1 



Figures in square brackets refer to the Bibliography. 
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6.3 Decision criteria 

The accumulated test time and the number of failures shall be compared with the accept and 
reject criteria continuously during the test, or at intervals not greater than the length of the 
test cycle or the monitoring interval (see 5.1 and 7.1.3 of IEC 60300-3-5). The following 
criteria shall apply: 

Accept the test if the elapsed T > T a for the observed?- <r . 

The specified requirement is regarded as being complied with. 

Continue testing if the elapsed t" is between the limits T r <T < T a for the observed r<r . 
No decision can be taken. 



Reject the test 



if the elapsed T <T r for the observed?- <r , or if r> r Q + 1 . 

The specified requirement is regarded as not being complied with. 



6.4 Overview of test plans 

Table 2 summarizes the sequential test plans given in Annex A and D. These annexes 
provide, for each test plan, a decision graph, decision table, graphs of operating characteristic 
curve and expected test time to decision. 

Table 2 - Overview of the sequential test plans given in Annex A and D 



Test 
plan 
No. 


Characteristics of the plan 


Minimum test time 

(Acceptance 
at failures) 


Expected time for 

decision in 

multiples of m for 

m — /77q 


Test truncation 

time 

in multiples of m 


True risks for 


Nominal risks 


Discrimination 
ratio 


m = /77q 


m = m. 




a % 


P % 


D 


t" 

m 


IL 

»? 


m 


a' % 


/?' % 


A.1 


10 


10 


1,5 


4,39 


17,88 


33,04 


12,03 


9,77 


A.2 


10 


10 


2 


2,20 


5,37 


10,30 


13,39 


9,62 


A. 3 


10 


10 


3 


1,098 


1,77 


3,152 


15,09 


9,43 


A. 4 


10 


10 


5 


0,549 


0,65 


1,102 


16,81 


9,24 


A. 5 


20 


20 


1,5 


2,77 


8,00 


14,37 


24,32 


18,92 


A.6 


20 


20 


2 


1,39 


2,31 


4,73 


27,27 


18,18 


A. 7 


20 


20 


3 


0,693 


0,72 


1,54 


31,03 


17,24 


A. 8 


30 


30 


1,5 


1,69 


2,93 


5,41 


37,70 


26,70 


A.9 


30 


30 


2 


0,847 


0,79 


1,91 


43,24 


24,32 


C.1 


5 


5 


1,7 


7,584 


23,89 


29,300 


5,00 


5,00 


C.2 


10 


5 


1,7 


5,032 9 


16,57 


24,240 


9,998 


5,00 


C.3 


10 


10 


1,7 


4,429 4 


13,28 


18,030 


10,00 


9,999 


C.4 


15 


5 


1J 


5,836 6 


16,40 


19,900 


14,999 


5,001 


C.5 


20 


10 


1,7 


4,023 2 


10,00 


12,600 


19,998 


10,002 


C.6 


20 


20 


1,7 


2,342 4 


5,62 


8,300 


19,992 


20,016 


C.7 


30 


20 


1,7 


2,102 1 


3,95 


5,500 


29,990 


20,014 


C.8 


30 


30 


1,7 


1,275 7 


2,13 


3,800 


30,056 


29,912 
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7 Fixed time/failure terminated test plans - Fixed duration test plans 

7.1 General 

Fixed time/failure terminated test plans are characterized by decision rules for accepting or 
rejecting compliance when the test time for termination has been reached, or the acceptable 
number of failures has been exceeded. The test plans are determined by selected values of 
risks and discrimination ratio. To implement a test plan, m shall be specified (or derived). 

There are four types of fixed duration tests: 

a) time terminated tests with replacement; 

b) time terminated tests without replacement; 

c) failure terminated tests with replacement; 

d) failure terminated tests without replacements. 

Test plans are given in 7.4. Operating characteristics and expected test times are given in 
Annex B, examples and a mathematical reference are given in Annex G. 

7.2 Common test procedure 

The test procedure should include the following steps: 

- decide the combined environmental conditions to be applied during the test based on 
analysis to determine appropriate test conditions (see 5.1 and IEC 60300-3-5); 

- specify m according to requirement or agreement; 

- choose risks, a = p (shared risk) or a not equal to /J, and discrimination ratio, D, 
considering that low values of a, p and D make a more powerful test, but require longer 
time and/or more items. It is important that a, P and D is selected together considering the 
risk for the producer, the risk for the consumer as well as m, determined by D; 

- select an appropriate test plan from Table 3, consulting Annex B; 

- determine the test time for termination, r t , and the acceptable number of failures, c; 

- perform the test and apply the decision criteria according to 7.3. 

7.3 Decision criteria 

The following decision criteria shall apply: 

Accept the test if r < c at r t * . 

The specified requirement is regarded as being complied with. 

Reject the test if r > c at or before r t * . 

The specified requirement is regarded as not being complied with. 
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7.4 Test plans 

Table 3 summarizes the recommended time/failure terminated test plans. The test time is 
accumulated until either a predetermined amount of test time has been exceeded (accept), or 
a predetermined number of failures has occurred (reject). Graphs of operating characteristic 
curves and expected accumulated test time to decision are given in Annex B. 

Table 3 - Fixed time/failure terminated test plans 



Test plan 
No. 


Characteristics 
Nominal risks 


of the plan 

Discrimination 
ratio 


Test time for 
termination 


Acceptable 

number of 

failures 


True ri 
m = m Q 


sks for 
m = /77 1 




a % 


P % 


D 


T t /m 


c 


a' % 


/r % 


B.1 


5 


5 


1,5 


54,10 


66 


4,96 


4,84 


B.2 


5 


5 


2 


15,71 


22 


4,97 


4,99 


B.3 


5 


5 


3 


4,76 


8 


5,35 


5,40 


B.4 


5 


5 


5 


1,88 


4 


4,25 


4,29 


B.5 


10 


10 


1,5 


32,14 


39 


10,00 


10,20 


B.6 


10 


10 


2 


9,47 


13 


10,00 


10,07 


B.7 


10 


10 


3 


3,10 


5 


9,40 


9,90 


B.8 


10 


10 


5 


1,08 


2 


9,96 


9,48 


B.9 


20 


20 


1,5 


14,30 


17 


19,49 


19,94 


B.10 


20 


20 


2 


3,93 


5 


20,40 


20,44 


B.11 


20 


20 


3 


1,47 


2 


18,37 


18,40 


B.12 


30 


30 


1,5 


5,41 


6 


29,99 


29,95 


B.13 


30 


30 


2 


1,85 


2 


28,28 


28,54 


NOTE The test time for termination (in multiples of m Q ) is equal to the expected number of failures during the 
test at the specified l Q that is r t /m Q =T X xAq =r . 



8 Design of alternative time/failure terminated test plans 

8.1 General 

Alternative time/failure terminated test plans are characterized by decision rules for accepting 
or rejecting compliance when the test time for termination has been reached or the acceptable 
number of failures has been exceeded. The test plans are determined by selected values of 
risks and test time. The test time is chosen independently of X Q which enables test plans to be 
designed individually to meet particular needs including, for example, economy, resources or 
time scheduling. 

The derived discrimination ratio is used to evaluate the test plan. In order to implement a test 
plan, X Q shall be specified (or derived). The transformation of failure rate and mean time to 
failure or mean operating time between failures to X Q is given in 3.2.2. 

It is also possible to choose different test plan parameters and determine unknown 
parameters as indicated in Annex C and Annex I. 
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Graphs for determining test plan parameters are given in Annex C, including the associated 
operating characteristic curves. Examples and a mathematical reference are given in Annex I. 

8.2 Design procedures 

The procedures given in Annex C may be applied directly to tests in which 

- replacement occurs, and replacement/repair times are negligible, 

- replacement does not occur, and X Q t x < 0,1 is valid. 

In such cases, T* = nt* . 

However, the procedures may also be applied to tests in which 

- replacement occurs, and replacement times are long (e.g. by repair), 

- replacement does not occur, and X Q t x >0,1. 

In such cases, the formulae involving accumulated test time, r t * (see 5.4) shall be used, and 
in the formulae nt x " shall be replaced by T x . This implies that n and t cannot be separated, 
as in Clause C.2. 

In each case, when applicable, the values of a and /?, as stated in Table 2, shall be 
considered as preferred values. 

Annex C describes how test plans are derived and examples are included. 

8.3 Common test procedure 

The test procedure should include the following steps: 

- decide the combined environmental conditions to be applied during the test based on 
analysis to determine appropriate test conditions (see 5.1 and IEC 60300-3-5) 

- specify the acceptable X , according to requirement or agreement; 

- choose risks, a and /?, test time for each item, t x , and number of test items, n, according 
to resources; 

- design the test plan according to Annex C and I using the figures in Annex C; 

- evaluate the test plan especially regarding the derived discrimination ratio D, and perhaps 
redesign with modified parameters to satisfy the need; 

- perform the test with the stated test time, T x = nt x and the derived acceptable number of 
failures, c, and apply the decision criteria according to 8.4. 

8.4 Decision criteria 

The following decision criteria shall apply: 

Accept the test if r < c at T x , the specified requirement is regarded as being complied 

with. 

Reject the test if r > c at or before T x , the specified requirement is regarded as not 

being complied with. 

12 
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9 Calendar time/failure terminated test plans for non-replaced items 

9.1 General 

Fixed calendar time/failure terminated test plans for non-replaced items are characterized by 
decision rules for accepting or rejecting compliance when the test time for termination has 
been reached, or the acceptable number of failures has been exceeded. The test plans are 
determined by selected values of risks and discrimination ratios. To implement a test plan, X 
shall be specified (or derived). The transformation of m to X Q is indicated in 3.2.2. 

Since no replacement takes place, the number of items under test will generally not remain 
constant, and the accumulated time of operation is not relevant. Thus, the compliance test 
plans for success ratio, Table 2 of IEC 61 123, should be used. 

However, if the number of items is large compared to the number of failures, the time/failure 
terminated test plans (see Clause 7) may be used. 

Examples and a mathematical reference are given in Annex J. 

9.2 Common test procedure 

The test procedure should include the following steps: 

- decide the combined environmental conditions to be applied during the test based on 
analysis to determine appropriate test conditions (see 5.1 and IEC 60300-3-5); 

- specify A , according to requirement or agreement; 

- choose risks, a = ft , and discrimination ratio, D, considering that low values of a, (3 and D 
make a more powerful test but require longer time and/or more items; 

- choose test termination time, f ca i,t, or number of items, n, and calculate according to 9.4.2 
or 9.4.3, respectively; 

- select an appropriate test plan from Table 2 of IEC 61123, using the derived q and the 
found n, to give the acceptable number of failures c; 

- perform the test and apply the decision criteria according to 9.3. 

9.3 Decision criteria 

The decision criteria include the following: 

Accept the test if r< c at r^ai.t tne specified requirement is regarded as being complied 

with; 

Reject the test if r > c at or before f^aut tne specified requirement is regarded as not 

being complied with. 
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9.4 Use of Table 2 of IEC 61123:1991 for fixed calendar time tests 

9.4.1 General 

Two procedures may be used. The first one, given in 9.4.2, is used when the (maximum 
available) test time is given. The second one, given in 9.4.3, is used when the (maximum 
available) number of items is given. 

The following formulae apply: 

p = l-q =l-e- m = l-e-^ (1) 

where t = f* a |,, 
and the derived 

f cai,t = - m o ln O - Po) = - m o ln (g ) ( 2 ) 

where 

p is the acceptable failure ratio; 

q is the acceptable success ratio, q = 1 - p . 

NOTE 1 According to the normal use of IEC 61123, p or q Q is specified, but in this case p is derived from the 
specified m Q or A , according to Formula (1). For further information on p and q , see IEC 61 123. 

NOTE 2 In this case, p expresses the failure probability 1 -R(t) for t = fjai.t ■ 
NOTE 3 The procedures can only determine the product t n. 

9.4.2 Procedure when the test time is given 

The test procedure should include the following steps: 

0223 

a) choose t cgi , < 0,223 m Q = — (to be within the range of Table 2 of IEC 61 123); 

b) calculate p using Formula (1); 

c) adjust fc a | it if necessary to fit a g = 1 - p stated in Table 2 of IEC 61123 using 
Formula (2); 

d) select a relevant test plan from Table 2 of IEC 61123 fulfilling the required D and a = p , 
and thereby determine n and c. 

9.4.3 Procedure when the number of items is given 

The test procedure should include the following steps: 

a) select a relevant test plan from Table 2 of IEC 61 1 23 fulfilling the required D and a = p , 
and with n close to the indicated n, and thereby determine q = 1 - p , n and c; 

b) calculate t* csi t using Formula (2). 
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10 Combined test plans 

10.1 General 

The combined test plans use a reject line with a constant number of failures, while the accept 
line is curved (see Table 1). Therefore, test items with a high reliability will be accepted early 
while items with many early failures will not be rejected immediately. Test plans are also 
suitable for a test, an analysis and a fix program (TAAF) as more information is collected 
about the failure modes than for a sequential test. The test plans are derived using an 
iterative procedure that is described in Annex K. 

10.2 Common test procedure 

- decide the combined environmental conditions to be applied during the test based on 
analysis to determine appropriate test conditions (see 5.1 and IEC 60300-3-5); 

- specify m , according to requirement or agreement; 

- choose risks, a and /? , and discrimination ratio, D, considering that low values of a, j3 and 
D make a more powerful test, but require longer time and/or more items; 

- select an appropriate test plan from Table 4 and Annex D; 

- note the test times, r a * for accept, and T* for reject; 

- perform the test and apply the decision criteria in accordance with 10.3. 

10.3 Decision criteria 

The accumulated test time and the number of failures shall be compared with the accept and 
reject criteria continuously during the test; or at intervals not greater than the length of the 
test cycle or the monitoring interval (see 5.1 and 7.1 .3 of IEC 60300-3-5). 

The following criteria shall apply: 

Accept the test if the elapsed r*> r a * for the observed r<r . 

The specified requirement is regarded as being complied with. 

Continue testing if the elapsed t' is between the limits T* <T* <r a *for the observed r<r . 
No decision can be taken. 

Reject the test If the number of failures exceeds r = r +1 during the test. 

The specified requirement is regarded as not being complied with. 
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10.4 Test plans 



Table 4 - Combined test plans in Annex D 



Test plan 


Cha 

Nomin 
a% 


racteris 
il risks 

/} % 


tics of the plan 

Discrimination 
ratio 

D 


Minimum 
test time 

(Acceptance 
at failures) 

r a,min/ m 


Expected time 

for decision 

in multiples of m 

for m = m Q 

T e/ m 


Test truncation time 
in multiples of m 

T i/ m 


Acceptable 

number of 

failures 

c 


D.1 


5 


5 


1,7 


6,454 


22,07 


29,463 2 


38 


D.2 


10 


5 


1,7 


4,721 9 


16,59 


24,517 


30 


D.3 


10 


10 


1,7 


4,426 4 


13,12 


18,183 9 


23 


D.4 


15 


5 


1,7 


5,732 


16,22 


19,989 8 


24 


D.5 


20 


10 


1,7 


3,949 5 


9,80 


12,757 3 


15 


D.6 


20 


20 


1,7 


2,436 5 


5,60 


8,568 4 


10 


D.7 


30 


20 


1,7 


2,144 1 


3,96 


5,714 6 


6 


D.8 


30 


30 


1,7 


1,219 4 


2,30 


4,388 1 


4 



11 Performing the test 

Guidance on test conditions and practical management of the test can be found in 5.1. 
IEC 60300-3-5, IEC 60605-2 and the IEC 60605-3-1 to IEC 60605-3-6 series. 



12 



Presentation of results 



When presenting the results, the following information shall be given: 

- test conditions (see 5.1 and IEC 60300-3-5); 

- identification of test items, number of items on test and possible replacement during test; 

- the test plan used; 

- specified acceptable An or m ; 

- nominal test plan parameters given or derived, for example risk levels, discrimination 
ratio, accumulated test time for termination, acceptable number of failures; 

- true test plan parameters, if required; 

- observed number of failures and justification for any failures classified as non-relevant; 

- definition of accumulated test time especially if test cycles or several mission modes are 
used; 

- accumulated test time when the test is stopped; 

- result(s) of other analyses, if required; 

- conclusions. 
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Annex A 

(normative) 

Tables and graphs for sequential test plans 



NOTE 1 See clause 6. 

NOTE 2 This annex uses the symbols listed in 3.2. 

A.1 Test plan A.1 - cc= 0,10; fi = 0,10; D= 1,5 
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Figure A.1 - Accept and reject lines for test plan A.1 
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Table A.1 - Accept and reject lines for test plan A.1 





T r " lm 


7a lm 




r r * lm 


Ta lm 


r 


Reject 


Accept 


r 


Reject 


Accept 




(equal or less) 


(equal or more) 




(equal or less) 


(equal or more) 





- 


4,39 


21 


13,00 


21,42 


1 


- 


5,21 


22 


13,81 


22,23 


2 


- 


6,02 


23 


14,62 


23,05 


3 


- 


6,83 


24 


15,43 


23,86 


4 


- 


7,64 


25 


16,24 


24,67 


5 


0,025 


8,45 


26 


17,05 


25,48 


6 


0,836 


9,26 


27 


17,87 


26,29 


7 


1,65 


10,07 


28 


18,73 


27,10 


8 


2,46 


10,88 


29 


19,49 


27,91 


9 


3,27 


11,69 


30 


20,30 


28,72 


10 


4,08 


12,50 


31 


21,11 


29,53 


11 


4,89 


13,31 


32 


21,92 


30,34 


12 


5,70 


14,13 


33 


22,73 


31,16 


13 


6,51 


14,94 


34 


23,54 


31,97 


14 


7,32 


15,75 


35 


24,35 


32,78 


15 


8,13 


16,56 


36 


25,16 


33,04 


16 


8,94 


17,37 


37 


25,97 


33,04 


17 


9,76 


18,18 


38 


26,79 


33,04 


18 


10,57 


19,00 


39 


27,60 


33,04 


19 


11,40 


19,80 


40 


28,41 


33,04 


20 


12,19 


20,61 


r =41 


29,22 


33,04 








42 


33.04 


N/A 
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Figure A.2 - Test plan A.1 - Operating characteristic curve 
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Figure A. 3 - Test plan A.1 - Expected accumulated test time to decision 
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A.2 Test plan A.2 - a = 0,1 p = 0,1 D = 2,0 
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Figure A. 4 - Accept and reject lines for test plan A.2 
Table A.2 - Accept and reject lines for test plan A.2 





t; lm 


7a lm 


f 


Reject 

(equal or less) 


Accept 

(equal or more) 





- 


2,20 


1 


- 


2,89 


2 


- 


3,58 


3 


0,170 


4,28 


4 


0.863 


4,97 


5 


1,56 


5,66 


6 


2,25 


6,36 


7 


2,94 


7,05 


8 


3.64 


7,74 


9 


4,33 


8,44 


10 


5,02 


9,13 


11 


5,72 


9,82 


12 


6,41 


10,30 


13 


7,10 


10,30 


14 


7,79 


10,30 


r =15 


8,49 


10,30 


16 


10,30 


N/A 
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Figure A.5 - Test plan A. 2 - Operating characteristic curve 




Figure A. 6 - Test plan A.2 - Expected accumulated test time to decision 
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A.3 Test plan A.3 - a= 0,10; /? = 0,10; D = 3,0 
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Figure A. 7 - Accept and reject lines for test plan A.3 
Table A.3 - Accept and reject lines for test plan A.3 





t; lm 


Ta lm Q 


r 


Reject 

(equal or less) 


Accept 

(equal or more) 





- 


1,098 


1 


- 


1,648 


2 


0,203 


2,197 


3 


0,752 


2,747 


4 


1,301 


3,152 


5 


1,851 


3,152 


r =6 


2,400 


3,152 


7 


3,152 


N/A 
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Figure A.8 - Test plan A. 3 - Operating characteristic curve 
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Figure A. 9 - Test plan A.3 - Expected accumulated test time to decision 
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A.4 Test plan A.4 - a- 0,10; = 0,10; D= 5,0 
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Figure A. 10 - Accept and reject lines for test plan A.4 



Table A.4 - Accept and reject lines for test plan A.4 





r r * /m 


T* lm Q 


r 


Reject 

(equal or less) 


Accept 

(equal or more) 





- 


0,549 


1 


- 


0,951 


2 


0,383 


1,102 


r =3 


0,785 


1,102 


4 


1,102 


N/A 
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Figure A. 11 - Test plan A.4 - Operating characteristic curve 



Tg/m 









































































0,1 - 





























0,5 



1,5 
mlrriQ 



2,5 



Figure A. 12 - Test plan A.4 - Expected accumulated test time to decision 
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A.5 Test plan A.5 - a - 0,20; /? = 0,20; D = 1 ,5 
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Figure A. 13 - Accept and reject lines for test plan A.5 
Table A.5 - Accept and reject lines for test plan A.5 





t; /m 


7a fm 


r 


Reject 

(equal or less) 


Accept 

(equal or more) 





- 


2,77 


1 


- 


3,58 


2 


- 


4,39 


3 


0,025 


5,21 


4 


0,836 


6,02 


5 


1,65 


6,83 


6 


2,46 


7,64 


7 


3,27 


8,45 


8 


4,08 


9,26 


9 


4,89 


10,07 


10 


5,70 


10,88 


11 


6,51 


11,69 


12 


7,32 


12,50 


13 


8,13 


13,31 


14 


8,95 


14,13 


15 


9,76 


14,37 


16 


10,57 


14,37 


17 


11,38 


14,37 


ro =18 


12,19 


14,37 


19 


14,37 


N/A 
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Figure A. 14 - Test plan A.5 - Operating characteristic curve 
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Figure A. 15 - Test plan A.5 - Expected accumulated test time to decision 
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A.6 Test plan A.6 - a - 0,20; /? = 0,20; D = 2,0 
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Figure A. 16 - Accept and reject lines for test plan A.6 
Table A.6 - Accept and reject lines for test plan A.6 





t; /m 


*k tm 


r 


Reject 

(equal or less) 


Accept 

(equal or more) 





- 


1,39 


1 


- 


2,08 


2 


0,288 


2,77 


3 


0,981 


3,47 


4 


1,67 


4,16 


5 


2,37 


4,73 


6 


3,06 


4,73 


r =7 


3,75 


4,73 


8 


4,73 


N/A 



28 



IS 81 61 (Part 7) :2012 
I EC 61124: 2006 













































































































































































n 



















0,5 1 



1,5 



2,5 



3,5 



mfmQ 



Figure A. 17 - Test plan A. 6 - Operating characteristic curve 
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Figure A. 18 - Test plan A. 6 - Expected accumulated test time to decision 
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A.7 Test plan A.7 - a = 0,20; p = 0,20; D = 3,0 
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Figure A. 19 - Accept and reject lines for test plan A.7 



Table A.7 - Accept and reject lines for test plan A.7 





7-; /m 


?a tm 


r 


Reject 

(equal or less) 


Accept 

(equal or more) 





- 


0,693 


1 


0,059 


1,24 


2 


0,608 


1,54 


r =3 


1,16 


1,54 


4 


1,54 


N/A 
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Figure A. 20 - Test plan A.7 - Operating characteristic curve 
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Figure A. 21 - Test plan A.7 - Expected accumulated test time to decision 
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A.8 Test plan A.8 - a = 0,30; p = 0,30; D = 1 ,5 
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Figure A.22 - Accept and reject lines for test plan A.8 



Table A.8 - Accept and reject lines for test plan A.8 





T r ' lm 


r a * lm Q 


r 


Reject 


Accept 




(equal or less) 


(equal or more) 





- 


1,69 


1 


- 


2,51 


2 


0,292 


3,32 


3 


1,10 


4,13 


4 


1,91 


4,94 


5 


2,72 


5,41 


6 


3,54 


5,41 


r =7 


4,35 


5,41 


8 


5,41 


N/A 
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Figure A. 23 - Test plan A.8 - Operating characteristic curve 
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Figure A. 24 - Test plan A.8 - Expected accumulated test time to decision 
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A.9 Test plan A.9 - a - 0,30; /? = 0,30; D = 2,0 













































































































































n 























0,2 0,4 0,6 0,! 



1 1,2 

r/m 



1,4 1,6 1, 



Figure A. 25 - Accept and reject lines for test plan A.9 



Table A.9 - Accept and reject lines for test plan A.9 





r r * /m 


T* lm Q 


r 


Reject 

(equal or less) 


Accept 

(equal or more) 





- 


0,847 


1 


0,134 


1,54 


2 


0,827 


1,91 


r =3 


1,52 


1,91 


4 


1,91 


N/A 
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Figure A. 26 - Test plan A.9 - Operating characteristic curve 
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Figure A. 27 - Test plan A.9 - Expected accumulated test time to decision 
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Annex B 

(normative) 

Graphs for fixed time/failure terminated test plans 



NOTE 1 See Clause 7. 

NOTE 2 This annex uses the symbols listed in 3.2. 

NOTE 3 For the figures showing expected time to decision, the straight lines (oblique line starting at (0,0), and 
horizontal line) are for failure terminated test with replacement. The curved lines that approach both straight lines 
asymptomically are for time terminated test with replacement. 



B.1 Test plans B.1 to B.4 
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Figure B.1 - Operating characteristic curves for test plans B.1, B.2, B.3 and B.4 
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Figure B.2 - Test plan B.1 - Expected test time to decision 

























































I 




































































0,00 - 



































0,0 0,2 0,4 



0,6 0,8 

mlniQ 



1,0 1,2 1,4 1,6 



Figure B.3 - Test plan B.2 - Expected test time to decision 



37 



IS 8161 (Part 7): 2012 
I EC 61 124: 2006 



T$m 
































































































































































































nnn - 



































0,0 0,2 0,4 0,6 



0,8 
mlniQ 



1,0 1,2 1,4 1,6 



Figure B.4 - Test plan B.3 - Expected test time to decision 
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Figure B.5 - Test plan B.4 - Expected test time to decision 
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B.2 Test plans B.5 to B.8 
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Figure B.6 - Operating characteristic curves for test plans B.5, B.6, B.7 and B.8 
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Figure B.7 - Test plan B.5 - Expected test time to decision 



39 



IS 8161 (Part 7): 2012 
I EC 61 124: 2006 



tMo 




Figure B.8 - Test plan B.6 - Expected test time to decision 
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Figure B.9 - Test plan B.7 - Expected test time to decision 
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Figure B.10 - Test plan B.8 - Expected test time to decision 



B.3 Test plans B.9 to B.11 
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Figure B.11 - Operating characteristic curves for test plans B.9, B.10 and B.11 
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Figure B.12 - Test plan B.9 - Expected test time to decision 
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Figure B.13 - Test plan B.10 - Expected test time to decision 
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Figure B.14 - Test plan B.11- Expected test time to decision 



B.4 Test plans B. 12 to B. 13 
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Figure B.15 - Operating characteristic curves for test plans B.12 and B.13 
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Figure B.16 - Test plan B.12 - Expected test time to decision 
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Figure B.17 - Test plan B.13 - Expected test time to decision 
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Annex C 

(normative) 

Graphs for alternative time/failure terminated test plans 



NOTE 1 See Clause 8. 

NOTE 2 This annex uses the symbols listed in 3.2.2. 

C.1 Common case, deriving c and D 

This procedure is particularly suitable for cases where the following test plan parameters are 
specified: test time for each item, here assumed to be the same for all items, stated as 

termination criterion, t x ; 

- number of test items, n; 

- equal nominal producer's and consumer's risks, a = ji 

- maximum value of the discrimination ratio, if required. 

On the basis of these parameters, the unknown parameters: 

- actual discrimination ratio, D 

- acceptable number of failures, c 

are derived, using the figures in C.4, as stated below. 

If the derived actual discrimination ratio, D exceeds the specified maximum value, or is 
otherwise judged to be unsuitable, the test time shall be exceeded, or other test plan 
parameters modified. The calculations are then repeated and reappraised until the conditions 
are fulfilled. 

a) General procedure 

Calculate /u =X$* t n 

NOTE If /Uq < 1 , it is generally recommended to extend either test timef,*, or number of items n, in order to 
achieve suitable test plans. 

b) Procedure for /u between 1 and 5 

1 ) In Figure C.1 , find ju (already calculated) on the dashed curve for the specified a = p . 

2) Find the nearest solid c curve to this point in the vertical direction, and thus determine c. 

3) Read the discrimination ratio D from the c curve at the ju value. 

4) From this latter point, by interpolation between the dashed curves, the true a' = ft risks 

may be estimated; alternatively, the risks may be read from the corresponding operating 
characteristic curve in Figure C.2. 

5) If the values determined for D and a' = /3' are not acceptable, increase or decrease c 
by 1. 



45 



IS 8161 (Part 7): 2012 
I EC 61 124: 2006 



EXAMPLE 

Specified: /^ = 2,7; a = p = 10 % 

To be derived: c, D, a , P' 

From Figure C.1: c = 4 with D= 2,75, and «' = /?'= 14 % 

c) Procedure for /u between 5 and 500 

1) Read the discrimination ratio D in Figure C.3 for /u (already calculated) on the curve for 
the specified a = p . 

2) Read A^ in Figure C.4 for the ^ calculated on the curve for the specified a = p 

3) Calculate c by adding A/u and /u and rounding to the nearest integer, that is 
c = (A/u +/u ). 

EXAMPLE 

Specified: n Q =40; a = = 10 % 

To be derived: c, D 

From Figure C.3: D (1 %) = 1 ,45 

From Figure C.4: c (1 %) = (40 + 7,8) rounded = 48 

C.2 Deriving risks, a = p 

In addition to A the following test plan parameters shall be specified: 

- test time t t . 

- number of test items n ; 

- discrimination ratio D. 

For small values of /u Q true risks are determined; for large values of /u , nominal risks a = p . 

a) General procedure 

Calculate /u = X t t n or /u = X t{ . 

b) Procedure for /u between 1 and 5 

1) Find in Figure C.1 the nearest c curve to the point (/u , D), and thus determine c. 

2) Read in Figure C.2, the true risks a' and p' from the corresponding operating 
characteristic curve for /u = /u and /j = D/j , respectively. 

EXAMPLE 

Specified: /u =1 ; D = 3 

To be derived: c, a , P' 

From Figure C.1 : c = 1 

From Figure C.2: a = 26,4 %, p' = 19,9 % 
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c) Procedure for r between 5 and 500 

1) Identify in Figure C.3 the point (ju , D) and interpolate between the a = p curves to 
estimate the nominal risks a = p . 

2) Use in Figure C.4 the nominal risks a = p to determine A/u and then calculate as above, 
that is c = (A^ +// ) rounded . 

EXAMPLE 

Specified: /u = 40; D= 1,5 

To be derived: c, a = p 

From Figure C.3: a = p « 8 % 

From Figure C.4: A/u = 8,7 and thus c= (48,7) rounded = 49 

C.3 Deriving n or t t * 

In addition to X Q , one of the following sets of test plan parameters shall be specified: 

a) test time t x ; 
risks a = p ; 
discrimination ratio D. 

b) number of test items n; 
risks a = p ; 
discrimination ratio D. 

Common procedure in cases a) and b): 

- find D and the /u value corresponding to a = p risks, from either Figure C.1, or 
Figure C.3; 

- use the ju value to determine c from either Figure C.1 or Figure C.4; 

- calculate r t *=-^- from the jil value; 

T* 

- using the T t , calculate either the number of test items n for specified t t , n = — — , or test 

h 

* T* 

time r t for specified n, t* =— — 

n 
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C.4 Figures 
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Figure C.1 - Discrimination ratio, D, and the acceptable number of failures, c = to 8, 
as a function of the expected number of failures, ju , for recommended values, 2,5%, 

5%, 10%, 20%, and 30% of a= fi 
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Figure C.2 - Operation characteristic curves for c = to 8; probability of acceptance P a 
as a function of the (unknown) true expected number of failures, \i 
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Figure C.3 - Discrimination ratio, D, as a function of the expected number of failures, 
ju , for recommended values, 2,5%, 5%, 10%, 15%, 20% and 30% of a= /3 
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Figure C.4 - Acceptable number of failures c minus expected number of failures, ju 
A^ Q =c~hq as a function of the expected number of failures ju for recommended values 

2,5%, 5%, 10%, 20%, and 30% of a= p 
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Annex D 

(normative) 

Tables and graphs for combined test plans 
and additional sequential test plans 



NOTE 1 This annex uses the symbols listed in 3.2.2. 

NOTE 2 his annex contains sequential test plans and combined test plans from GOST 27.402. 

D.1 General 

The combined test plans bring together the advantages of time/failure terminated test plans 
(test plans B, Clause 7) with the advantages of the sequential test plans (see Clause 6). They 
reduce the test time for highly reliable test items, while they do not reject low reliability items 
early. They require about the same administrative work as the sequential test plans. 

More test plans of these types can be found in GOST 27.402. 

Annex D contains the test plans listed in Table D.1 and D.2. 

Table D.1 - Sequential test plans in Annex D 



Sequential test plans C 


a 


D=1,7 


5 % 


10 % 


15 % 


20 % 


30 % 


P 


5 % 


C1 


C2 


C4 






10 % 




C3 




C5 




20 % 








C6 


C7 


30 % 










C8 



Table D.2 - Combined test plans in Annex D 



Combined test plans D 


a 


D=1,7 


5 % 


10 % 


15 % 


20 % 


30 % 


P 


5 % 


D1 


D2 


D4 






10 % 




D3 




D5 




20 % 








D6 


D7 


30 % 










D8 



For each test plan, the following parameters are listed in tables and plotted: 

- the accept and reject lines as the number of failures r as a function of the normalized 
accumulated test time T/m ; 

- the expected test time r e *as a function of the normalized accumulated test time T*/m ; 

- the expected test time to acceptance r e * (+) as a function of normalized accumulated test 
time T/m ; 
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- the operating characteristic P a as a function of the normalized accumulated test time 

r/m . 

In order to make it easy to compare the test plans of type C and D they are plotted in the 
same figures. 



D.2 Test plans C.1 and D.1 - a=5%, /?=5%; D= 1,7 




Figure D.1 - Accept and reject lines 
Table D.3 - Accept and reject lines 



Failures 
r 


Accumulated test time V 1 m 




Failures 
r 


Accumulated test time T 1 m 


Plan C1 


Plan D1 


Plan C1 


Plan D1 


Reject 


Accept 


Reject 


Accept 


Reject 


Accept 


Reject 


Accept 





0,000 


7,584 


No 


6,454 


21 


9,161 7 


23,502 8 


No 


22,187 8 


1 


0,000 


8,342 


No 


7,769 1 


22 


9,919 7 


24,260 9 


No 


22,714 3 


2 


0,000 


9,100 1 


No 


8,877 6 


23 


10,677 8 


25,018 9 


No 


23,228 6 


3 


0,000 


9,858 1 


No 


9,875 2 


24 


11,435 8 


25,7770 


No 


23,730 9 


4 


0,000 


10,616 2 


No 


10,799 


25 


12,193 8 


26,535 


No 


24,2214 


5 


0,000 


11,374 2 


No 


11,668 3 


26 


12,951 9 


27,293 


No 


24,699 9 


6 


0,000 


12,132 2 


No 


12,494 5 


27 


13,709 9 


28,051 1 


No 


25,166 6 


7 


0,000 


12,890 3 


No 


13,285 2 


28 


14,468 


28,809 1 


No 


25,621 3 


8 


0,000 


13,648 3 


No 


14,045 7 


29 


15,226 


29,300 


No 


26,064 


9 


0,065 2 


14,406 4 


No 


14,780 


30 


15,984 


29,300 


No 


26,494 4 


10 


0,823 2 


15,164 4 


No 


15,490 8 


31 


16,742 1 


29,300 


No 


26,912 5 


11 


1,581 3 


15,922 4 


No 


16,180 6 


32 


17,500 1 


29,300 


No 


27,317 9 


12 


2,339 3 


16,680 5 


No 


16,851 


33 


18,258 2 


29,300 


No 


27,710 4 


13 


3,097 4 


17,438 5 


No 


17,503 6 


34 


19,016 2 


29,300 


No 


28,089 5 


14 


3,855 4 


18,196 6 


No 


18,139 5 


35 


19,774 2 


29,300 


No 


28,455 


15 


4,613 4 


18,954 8 


No 


18,759 7 


36 


20,532 3 


29,300 


No 


28,806 1 


16 


5,371 5 


19,712 6 


No 


19,365 


37 


21,290 3 


29,300 


No 


29,142 5 


17 


6,129 5 


20,470 7 


No 


19,956 1 


r = 
38 


22,048 4 


29,300 


No 


29,463 2 


18 


6,887 6 


21,228 7 


No 


20,533 5 


39 


29,300 


N/A 


Always 


N/A 


19 


7,645 6 


21,986 8 


No 


21,097 7 




20 


8,403 6 


22,744 8 


No 


21,649 
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Figure D.2 - Expected test time 
to decision T* 



Figure D.3 - Expected test time 
to decision of acceptance T*(+) 




0,1000 



Figure D.4 - Operating characteristic P. 
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Table D.4 - Expected test time to decision and operating characteristic P a 



/77//77q 


Plan C1 


Plan D1 




/77//77q 


Pa 


T* / m 


T*(+)/m Q 


T*/m Q 


Te(+)/m 


Plan C1 


Plan D1 


0,2 


2,532 8 


8,371 5 


7,800 


6,521 7 


0,2 


0,000 


0,000 


0,3 


4,617 3 


10,888 


11,700 


7,395 5 


0,3 


0,000 


0,000 


0,4 


7,856 3 


27,663 2 


15,600 


26,378 9 


0,4 


0,000 


0,000 


0,5 


13,088 4 


28,835 8 


19,4919 


27,529 9 


0,5 


0,002 7 


0,002 8 


0,6 


19,581 8 


28,750 9 


23,130 9 


27,132 5 


0,6 


0,065 4 


0,065 3 


0,7 


24,518 7 


28,297 4 


25,429 1 


26,321 9 


0,7 


0,308 1 


0,307 7 


0,8 


26,413 6 


27,352 6 


25,521 9 


25,110 6 


0,8 


0,630 1 


0,629 6 


0,9 


25,803 


25,803 4 


24,045 


23,544 


0,9 


0,850 2 


0,849 9 


1,0 


23,890 9 


23,763 9 


22,065 4 


21,791 


1,0 


0,950 


0,950 


1,2 


19,540 9 


19,512 2 


18,568 9 


18,532 2 


1,2 


0,995 9 


0,996 


1,4 


16,383 8 


16,381 1 


16,132 9 


16,129 7 


1,4 


0,999 7 


0,999 7 


1,6 


14,388 4 


14,388 2 


14,449 


14,448 7 


1,6 


1,000 


1,000 


1,8 


13,097 7 


13,097 7 


13,239 


13,239 


1,8 


1,000 


1,000 


2,0 


12,212 3 


12,212 3 


12,335 6 


12,335 5 


2,0 


1,000 


1,000 


2,2 


11,570 8 


11,570 8 


11,638 4 


11,638 4 


2,2 


1,000 


1,000 



D.3 Test plans C.2 and D.2 - a- 10 %, p= 5 %; D= 1,7 



3b 
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2b 
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2U 


/ f 


lb 


/ y 


ID 


y 




b 

o- 


St 



10 



1b 



20 



2b 



— C2 
'■ D2 
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mo 



Figure D.5 - Accept and reject lines 
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Table D.5 - Accept and reject lines 



Failures 

r 


Accumulated test time 

r/m 


Plan C2 


Plan D2 


Reject 


Accept 


Reject 


Accept 





0,000 


5,032 9 


No 


4,721 9 


1 


0,000 


5,790 9 


No 


5,895 8 


2 


0,000 


6,549 


No 


6,899 3 


3 


0,000 


7,307 


No 


7,812 9 


4 


0,000 


8,065 1 


No 


8,667 4 


5 


0,000 


8,823 1 


No 


9,478 7 


6 


0,000 


9,581 1 


No 


10,256 1 


7 


0,000 


10,339 2 


No 


11,005 8 


8 


0,000 


11,097 2 


No 


11,732 2 


9 


0,000 


11,855 3 


No 


12,438 3 


10 


0,000 


12,613 3 


No 


13,126 6 


11 


0,720 1 


13,371 3 


No 


13,798 8 


12 


1,478 2 


14,129 4 


No 


14,456 3 


13 


2,236 2 


14,887 4 


No 


15,100 5 


14 


2,994 3 


15,645 5 


No 


15,732 1 


15 


3,752 3 


16,403 5 


No 


16,352 1 


16 


4,510 3 


17,161 5 


No 


16,961 


17 


5,268 4 


17,919 6 


No 


17,559 4 


18 


6,026 4 


18,677 6 


No 


18,147 8 


19 


6,784 5 


19,435 7 


No 


18,726 5 


20 


7,542 5 


20,193 7 


No 


19,295 9 


21 


8,300 5 


20,951 7 


No 


19,856 3 


22 


9,058 6 


21,709 8 


No 


20,407 8 


23 


9,816 6 


22,467 8 


No 


20,950 6 


24 


10,574 7 


23,225 9 


No 


21,485 


25 


11,332 7 


23,983 9 


No 


22,011 


26 


12,090 7 


24,240 


No 


22,528 7 


27 


12,848 8 


24,240 


No 


23,038 1 


28 


13,606 8 


24,240 


No 


23,539 3 


29 


14,364 9 


24,240 


No 


24,032 3 


r =30 


15,122 9 


24,240 


No 


24,517 


31 


24,240 


N/A 


Always 


N/A 




Always reject at 31 failure or more. 
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Figure D.6 - Expected test time 
to decision r p * 



Figure D.7 - Expected test time to 
decision of acceptance T*(+) 
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Figure D.8 - Operating characteristic P a 
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Table D.6 - Expected test time to decision and operating characteristic P a 





Plan C2 


Plan D2 






Pa 


/77//77q 


T*/m 


r e *(+)/m 


Te /m Q 


Te(+)!'"o 




/77//77g 


Plan C2 


Plan D2 


0,2 


2,841 4 


5,555 5 


6,200 


4,815 2 




0,2 


0,000 


0,000 


0,3 


5,181 1 


6,828 7 


9,300 


5,559 4 


0,3 


0,000 


0,000 


0,4 


8,722 1 


10,738 8 


12,399 6 


12,548 4 


0,4 


0,000 1 


0,000 


0,5 


13,311 2 


17,895 5 


15,475 8 


18,847 2 


0,5 


0,004 6 


0,004 4 


0,6 


17,370 8 


19,933 3 


18,230 3 


19,709 2 


0,6 


0,063 2 


0,063 3 


0,7 


19,643 2 


19,857 7 


19,790 5 


19,350 6 


0,7 


0,261 5 


0,262 5 


0,8 


19,816 8 


18,948 8 


19,643 2 


18,478 7 


0,8 


0,541 4 


0,542 3 


0,9 


18,491 3 


17,571 7 


18,306 8 


17,300 3 


0,9 


0,769 


0,769 3 


1,0 


16,576 


15,975 4 


16,586 


15,977 


1,0 


0,900 


0,900 


1,2 


13,116 9 


12,980 5 


13,602 


13,471 


1,2 


0,985 6 


0,985 5 


1,4 


10,896 7 


10,875 5 


11,615 2 


11,595 


1,4 


0,998 2 


0,998 2 


1,6 


9,551 8 


9,548 9 


10,307 9 


10,305 1 


1,6 


0,999 8 


0,999 8 


1,8 


8,692 3 


8,691 9 


9,402 6 


9,402 2 


1,8 


1,000 


1,000 


2,0 


8,104 4 


8,104 3 


8,743 7 


8,743 6 


2,0 


1,000 


1,000 


2,2 


7,678 6 


7,678 6 


8,244 3 


8,244 3 


2,2 


1,000 


1,000 
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D.4 Test plans C.3 and D.3 - a- 10 %, fi= 10 %; D = 1,7 
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Figure D.9 - Accept and reject lines 
Table D.7 - Accept and reject lines 



Failures 

r 


Accumulated test time 
T*im 


Plan C3 


Plan D3 


Reject 


Accept 


Reject 


Accept 





0,000 


4,429 4 


no 


4,426 4 


1 


0,000 


5,187 4 


No 


5,531 2 


2 


0,000 


5,945 5 


No 


6,466 4 


3 


0,000 


6,703 5 


No 


7,310 1 


4 


0,000 


7,461 6 


No 


8,092 4 


5 


0,000 


8,219 6 


No 


8,828 6 


6 


0,000 


8,977 6 


No 


9,527 8 


7 


0,000 


9,735 7 


No 


10,196 1 


8 


0,015 2 


10,493 7 


No 


10,837 4 


9 


0,773 2 


11,251 8 


No 


11,454 8 


10 


1,531 2 


12,009 8 


No 


12,050 3 


11 


2,289 3 


12,767 8 


No 


12,625 7 


12 


3,047 3 


13,525 9 


No 


13,182 2 


13 


3,805 4 


14,283 9 


No 


13,720 6 


14 


4,563 4 


15,042 


No 


14,241 7 


15 


5,321 4 


15,800 


No 


14,745 9 


16 


6,079 5 


16,558 


No 


15,233 7 


17 


6,837 5 


17,316 1 


No 


15,705 1 


18 


7,595 6 


18,030 


No 


16,160 2 


19 


8,353 6 


18,030 


No 


16,599 


20 


9,111 6 


18,030 


No 


17,021 1 


21 


9,869 7 


18,030 


No 


17,426 3 


22 


10,627 7 


18,030 


No 


17,814 1 


r =23 


11,385 8 


18,030 


No 


18,183 9 


24 


18,030 


N/A 


Always 


N/A 




Always reject at 24 failures or more. 
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Figure D.10 - Expected test time to 
decision T* 
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Figure D.11 - Expected test time to 
decision of acceptance T*(+) 
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Figure D.12 - Operating characteristic P a 
Table D.8 - Expected test time to decision and operating characteristic P a 





Plan C3 


Plan D3 






p a 


mlm Q 


T*/m 


r e *(+)/mo 


T* 1 m 


Te(+)/m Q 


/77//77q 


Plan C3 


Plan D3 


0,2 


2,279 1 


4,889 3 


4,800 


4,551 2 


0,2 


0,000 


0,000 


0,3 


4,152 5 


6,242 3 


7,200 


6,422 1 


0,3 


0,000 


0,000 


0,4 


6,920 1 


12,759 5 


9,598 8 


14,294 


0,4 


0,000 4 


0,000 3 


0,5 


10,295 5 


15,650 


11,948 4 


15,586 3 


0,5 


0,015 8 


0,015 6 


0,6 


13,183 2 


15,972 7 


13,908 6 


15,505 1 


0,6 


0,119 3 


0,119 4 


0,7 


14,790 4 


15,625 2 


14,912 4 


15,058 8 


0,7 


0,346 6 


0,346 9 


0,8 


15,042 6 


14,932 3 


14,848 


14,404 8 


0,8 


0,600 7 


0,600 9 


0,9 


14,369 1 


14,011 9 


14,104 9 


13,618 1 


0,9 


0,789 8 


0,789 9 


1,0 


13,279 6 


12,974 4 


13,116 6 


12,772 8 


1,0 


0,900 


0,900 


1,2 


11,071 8 


10,967 5 


11,274 


11,170 4 


1,2 


0,980 7 


0,980 7 


1,4 


9,446 8 


9,422 2 


9,926 5 


9,902 9 


1,4 


0,996 5 


0,996 5 


1,6 


8,365 2 


8,360 


8,979 9 


8,975 


1,6 


0,999 4 


0,999 4 


1,8 


7,638 1 


7,637 


8,296 6 


8,295 6 


1,8 


0,999 9 


0,999 9 


2,0 


7,129 


7,128 8 


7,785 3 


7,785 1 


2,0 


1,000 


1,000 


2,2 


6,756 8 


6,756 7 


7,390 2 


7,390 2 


2,2 


1,000 


1,000 
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• D4 



r* 

mo 



Figure D.13 - Accept and reject lines 
Table D.9 - Accept and reject lines 



Failures 

r 


Accumulated test time 
T*im 


Plan C4 


Plan D4 


Reject 


Accept 


Reject 


Accept 





0,000 


5,836 6 


No 


5,732 


1 


0,000 


6,594 6 


No 


6,946 2 


2 


0,000 


7,352 7 


No 


7,960 5 


3 


0,000 


8,110 7 


No 


8,865 7 


4 


0,000 


8,868 8 


No 


9,697 2 


5 


0,000 


9,626 8 


No 


10,473 


6 


0,000 


10,384 8 


No 


11,204 


7 


0,000 


11,142 9 


No 


11,897 4 


8 


0,000 


11,900 9 


No 


12,558 


9 


0,303 2 


12,659 


No 


13,189 4 


10 


1,061 3 


13,417 


No 


13,794 1 


11 


1,819 3 


14,175 


No 


14,374 2 


12 


2,577 3 


14,933 1 


No 


14,931 2 


13 


3,335 4 


15,691 1 


No 


15,466 1 


14 


4,093 4 


16,449 2 


No 


15,979 8 


15 


4,851 5 


17,207 2 


No 


16,472 9 


16 


5,609 5 


17,965 2 


No 


16,945 8 


17 


6,367 5 


18,723 3 


No 


17,398 7 


18 


7,125 6 


19,481 3 


No 


17,831 5 


19 


7,883 6 


19,900 


No 


18,244 3 


20 


8,641 7 


19,900 


No 


18,636 7 


21 


9,399 7 


19,900 


No 


19,008 2 


22 


10,157 7 


19,900 


No 


19,358 1 


23 


10,915 8 


19,900 


No 


19,685 7 


r =24 


11,673 8 


19,900 


No 


19,989 8 


25 


19,900 


N/A 


Always 


N/A 




Always reject at 25 failures or more. 



61 



IS 8161 (Part 7): 2012 
I EC 61 124: 2006 
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Figure D.14 - Expected test time to 
decision T* 



Figure D.15 - Expected test time to 
decision of acceptance T*(+) 
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Figure D. 16 - Operating characteristic P a 
Table D.10 - Expected test time to decision and operating characteristic P a 





Plan C4 


Plan D4 






Pa 


mlm 


T*Imq 


r e *(+)/m 


T*lmQ 


T*(+)/m 


mliriQ 


Plan C4 


Plan D4 


0,2 


2,447 5 


6,442 7 


5,000 


5,830 8 


0,2 


0,000 


0,000 


0,3 


4,460 1 


8,723 


7,500 


9,557 4 


0,3 


0,000 


0,000 


0,4 


7,420 7 


17,275 


9,999 9 


18,229 


0,4 


0,000 1 


0,000 


0,5 


10,990 5 


18,772 1 


12,488 


18,570 3 


0,5 


0,005 2 


0,005 1 


0,6 


14,178 5 


18,817 


14,806 3 


18,360 2 


0,6 


0,062 3 


0,062 3 


0,7 


16,365 1 


18,499 1 


16,483 7 


17,960 5 


0,7 


0,237 7 


0,237 8 


0,8 


17,318 9 


17,929 2 


17,152 6 


17,407 7 


0,8 


0,486 2 


0,486 3 


0,9 


17,199 5 


17,136 4 


16,938 8 


16,723 1 


0,9 


0,705 5 


0,705 6 


1,0 


16,408 3 


16,174 8 


16,224 5 


15,945 4 


1,0 


0,850 


0,850 


1,2 


14,225 3 


14,096 5 


14,451 9 


14,328 7 


1,2 


0,968 3 


0,968 3 


1,4 


12,338 3 


12,302 


12,945 7 


12,912 8 


1,4 


0,994 


0,994 


1,6 


10,990 5 


10,982 2 


11,812 


11,804 5 


1,6 


0,998 9 


0,998 9 


1,8 


10,055 


10,053 2 


10,960 9 


10,959 3 


1,8 


0,999 8 


0,999 8 


2,0 


9,390 9 


9,390 5 


10,307 8 


10,307 4 


2,0 


1,000 


1,000 


2,2 


8,902 4 


8,902 3 


9,794 2 


9,794 1 


2,2 


1,000 


1,000 
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Figure D.17 - Accept and reject lines 
Table D.11 - Accept and reject lines 



Failures 

r 


Accumulated test time 
Tlm 


Plan C5 


Plan D5 


Reject 


Accept 


Reject 


Accept 





0,000 


4,023 2 


No 


3,949 5 


1 


0,000 


4,781 2 


No 


4,965 6 


2 


0,000 


5,539 3 


No 


5,818 1 


3 


0,000 


6,297 3 


No 


6,580 4 


4 


0,000 


7,055 4 


No 


7,280 4 


5 


0,0418 


7,813 4 


No 


7,932 4 


6 


0,799 8 


8,571 4 


No 


8,544 8 


7 


1,557 8 


9,329 5 


No 


9,122 9 


8 


2,315 9 


10,087 5 


No 


9,670 3 


9 


3,073 9 


10,845 6 


No 


10,189 2 


10 


3,832 


11,603 6 


No 


10,681 2 


11 


4,590 


12,361 6 


No 


11,147 4 


12 


5,348 1 


12,600 


No 


11,588 2 


13 


6,106 1 


12,600 


No 


12,003 7 


14 


6,864 1 


12,600 


No 


12,393 7 


r =15 


7,662 2 


12,600 


No 


12,757 3 


16 


12,600 


N/A 


Always 


N/A 




Always reject at 16 failures or more. 
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Figure D.18 - Expected test time 
to decision T : 



Figure D.19 - Expected test time to decision 
of acceptance r*(+) 
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Figure D.20 - Operating characteristic P a 
Table D.12 - Expected test time to decision and operating characteristic P a 





Plan C5 


Plan D5 






P B 


mlrr)Q 


Tg/rttQ 


Tg{+)/m 


T*/m 


r e *(+)/mo 


mlm 


Plan C5 


Plan D5 


0,2 


1,453 4 


4,442 


3,200 


4,132 1 


0,2 


0,000 


0,000 


0,3 


2,643 8 


6,722 


4,800 


7,086 9 


0,3 


0,000 


0,000 


0,4 


4,357 8 


10,456 2 


6,397 3 


10,387 9 


0,4 


0,001 2 


0,001 1 


0,5 


6,423 9 


11,260 5 


7,943 


10,886 2 


0,5 


0,022 4 


0,022 5 


0,6 


8,313 


11,309 9 


9,238 2 


10,842 9 


0,6 


0,115 9 


0,115 9 


0,7 


9,607 6 


11,118 8 


10,041 1 


10,622 6 


0,7 


0,292 8 


0,292 6 


0,8 


10,215 9 


10,796 8 


10,303 6 


10,308 1 


0,8 


0,497 1 


0,496 8 


0,9 


10,279 6 


10,388 2 


10,162 4 


9,935 9 


0,9 


0,673 1 


0,672 9 


1,0 


10,005 9 


9,926 3 


9,797 1 


9,532 7 


1,0 


0,800 


0,800 


1,2 


9,075 5 


8,963 3 


8,884 5 


8,720 7 


1,2 


0,932 1 


0,932 3 


1,4 


8,151 


8,092 8 


8,070 


7,997 6 


1,4 


0,977 9 


0,978 1 


1,6 


7,413 5 


7,389 1 


7,435 6 


7,407 


1,6 


0,992 7 


0,992 9 


1,8 


6,857 1 


6,847 7 


6,951 6 


6,940 7 


1,8 


0,997 5 


0,997 6 


2,0 


6,439 1 


6,435 5 


6,577 9 


6,573 7 


2,0 


0,999 1 


0,999 2 


2,2 


6,120 4 


6,119 


6,283 4 


6,281 7 


2,2 


0,999 7 


0,999 7 
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D.7 Test plans C.6 and D.6 - a - 20 %, fi = 20 %; D = 1 ,7 




Figure D.21 - Accept and reject lines 
Table D.13 - Accept and reject lines 



Failures 

r 


Accumulated test time 
T*/m 


Plan C6 


Plan D6 


Reject 


Accept 


Reject 


Accept 





0,000 


2,342 4 


No 


2,436 5 


1 


0,000 


3,100 4 


No 


3,257 1 


2 


0,000 


3,858 5 


No 


3,972 8 


3 


0,000 


4,616 5 


No 


4,633 4 


4 


0,148 9 


5,374 6 


No 


5,257 5 


5 


0,906 9 


6,132 6 


No 


5,854 5 


6 


1,665 


6,890 6 


No 


6,429 8 


7 


2,423 


7,648 7 


No 


6,986 8 


8 


3,181 


8,300 


No 


7,527 9 


9 


3,939 1 


8,300 


No 


8,054 7 


r =10 


4,697 1 


8,300 


No 


8,568 4 


11 


8,300 


N/A 


Always 


N/A 




Always reject at 11 failures or more. 
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Figure D.22 - Expected test time to 
decision T* 



Figure D.23 - Expected test time to 
decision of acceptance T*(+) 




— C6 

— D6 



Figure D.24 - Operating characteristic P a 
Table D.14 - Expected test time to decision and operating characteristic P a 





Plan C6 


Plan D6 






Pa 


mlm 


T* 1 m 


T*(+)/mo 


Te /m 


Tg (+)/m 




/7?//77q 


Plan C6 


Plan D6 


0,2 


1,145 9 


2,587 4 


2,200 


2,700 2 




0,2 


0,000 


0,000 


0,3 


2,064 2 


3,513 7 


3,297 9 


3,916 6 




0,3 


0,001 


0,000 8 


0,4 


3,248 2 


5,114 3 


4,360 6 


5,241 1 




0,4 


0,014 9 


0,014 5 


0,5 


4,427 


5,888 3 


5,261 


5,768 




0,5 


0,080 8 


0,080 7 


0,6 


5,302 9 


6,091 5 


5,845 5 


5,885 2 




0,6 


0,219 3 


0,219 3 


0,7 


5,775 5 


6,049 7 


6,080 7 


5,823 6 




0,7 


0,396 1 


0,395 8 


0,8 


5,909 2 


5,893 7 


6,048 1 


5,676 2 




0,8 


0,564 9 


0,564 5 


0,9 


5,821 5 


5,681 6 


5,858 1 


5,486 7 




0,9 


0,700 9 


0,700 6 


1,0 


5,615 3 


5,445 1 


5,598 


5,279 9 




1,0 


0,800 


0,800 


1,2 


5,097 9 


4,969 3 


5,057 8 


4,869 3 




1,2 


0,913 6 


0,914 


1,4 


4,621 


4,547 5 


4,605 7 


4,507 1 




1,4 


0,962 6 


0,963 2 


1,6 


4,240 2 


4,201 9 


4,258 6 


4,209 2 




1,6 


0,983 4 


0,983 8 


1,8 


3,947 4 


3,927 9 


3,995 5 


3,970 9 




1,8 


0,992 3 


0,992 7 


2,0 


3,722 4 


3,712 6 


3,793 7 


3,781 3 




2,0 


0,996 3 


0,996 5 


2,2 


3,547 6 


3,542 5 


3,635 8 


3,629 4 




2,2 


0,998 1 


0,998 3 
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D.8 Test plans C.7 and D.7 - a = 30 %, p = 20 %; D = 1 ,7 




C7 

--- D7 



7^ 



Figure D.25 - Accept and reject lines 
Table D.15 - Accept and reject lines 



Failures 

r 


Accumulated test time 
F/m 


Plan C7 


Plan D7 


Reject 


Accept 


Reject 


Accept 





0,000 


2,102 1 


No 


2,144 1 


1 


0,000 


2,860 2 


No 


2,887 7 


2 


0,000 


3,618 2 


No 


3,533 4 


3 


0,266 5 


4,376 2 


No 


4,126 1 


4 


1,024 5 


5,134 3 


No 


4,682 3 


5 


1,782 5 


5,500 


No 


5,210 3 


r =6 


2,540 6 


5,500 


No 


5,714 6 


7 


5,500 


N/A 


Always 


N/A 




Always reject at 7 failures or more. 
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Figure D.26 - Expected test time 
to decision T* 



Figure D.27 - Expected test time 
to decision of acceptance r e *(+) 




0,1000 
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Figure D.28 - Operating characteristic P a 
Table D.16 - Expected test time to decision and operating characteristic P a 





Plan C7 


Plan D7 






p a 


m/m 


T* 1 m 


T*(+)/m 


r e / m 


T*{+)/mo 


m/m 


Plan C7 


Plan D7 


0,2 


0,832 1 


2,370 5 


1,400 


2,497 3 


0,2 


0,000 


0,000 


0,3 


1,467 


3,358 6 


2,096 4 


3,377 3 


0,3 


0,002 3 


0,002 4 


0,4 


2,194 3 


4,033 2 


2,757 2 


3,895 9 


0,4 


0,024 8 


0,025 2 


0,5 


2,864 7 


4,257 6 


3,309 5 


4,076 7 


0,5 


0,096 3 


0,096 7 


0,6 


3,375 9 


4,300 1 


3,697 5 


4,111 2 


0,6 


0,215 7 


0,215 6 


0,7 


3,706 6 


4,265 7 


3,920 4 


4,079 7 


0,7 


0,355 7 


0,355 2 


0,8 


3,885 


4,194 6 


4,012 4 


4,015 6 


0,8 


0,490 6 


0,489 9 


0,9 


3,952 8 


4,105 1 


4,015 3 


3,935 1 


0,9 


0,606 5 


0,606 1 


1,0 


3,948 1 


4,006 9 


3,964 


3,847 3 


1,0 


0,700 


0,700 


1,2 


3,826 


3,805 8 


3,789 1 


3,668 4 


1,2 


0,827 7 


0,828 4 


1,4 


3,652 3 


3,616 3 


3,595 6 


3,500 9 


1,4 


0,900 2 


0,901 3 


1,6 


3,479 9 


3,447 5 


3,420 4 


3,352 6 


1,6 


0,940 8 


0,942 1 


1,8 


3,326 2 


3,301 3 


3,271 5 


3,224 7 


1,8 


0,964 


0,965 2 


2,0 


3,194 4 


3,176 5 


3,147 6 


3,115 6 


2,0 


0,977 4 


0,978 5 


2,2 


3,082 8 


3,070 3 


3,04 8 


3,022 9 


2,2 


0,985 5 


0,986 4 
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D.9 Test plans C.8 and D.8 - a - 30 %, fi = 30 %; D = 1 ,7 




Figure D.29 - Accept and reject lines 
Table D.17 - Accept and reject lines 



Failures 

r 


Accumulated test time 

rim 


Plan C8 


Plan D8 


Reject 


Accept 


Reject 


Accept 





0,000 


1,275 7 


No 


1,219 4 


1 


0,000 


2,033 8 


No 


1,930 7 


2 


0,263 6 


2,791 8 


No 


2,689 1 


3 


1,021 6 


3,549 9 


No 


3,508 7 


r =4 


1,779 6 


3,800 


No 


4,388 1 


5 


3,800 


N/A 


Always 


N/A 




Always reject at 5 failures or more. 
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Figure D.30 - Expected test time 
to decision T* 



Figure D.31 - Expected test time 
to decision of acceptance r e *(+) 




Figure D.32 - Operating characteristic P a 
Table D.18 - Expected test time to decision and operating characteristic P a 





Plan C8 


Plan D8 






P a 


m/m Q 


T* 1 m 


r*(+)/mo 


Tg/m 


Tg{+)/m 


/77//7?0 


Plan C8 


Plan D8 


0,2 


0,548 2 


1,419 2 


0,997 4 


1,360 7 


0,2 


0,002 


0,002 7 


0,3 


0,943 6 


1,766 6 


1,463 9 


1,603 3 


0,3 


0,022 8 


0,026 9 


0,4 


1,339 2 


2,059 9 


1,845 9 


1,831 


0,4 


0,086 5 


0,092 3 


0,5 


1,660 2 


2,209 9 


2,112 9 


1,984 3 


0,5 


0,191 5 


0,194 7 


0,6 


1,883 5 


2,268 2 


2,270 8 


2,068 7 


0,6 


0,314 7 


0,314 3 


0,7 


2,021 


2,277 4 


2,344 2 


2,105 3 


0,7 


0,434 7 


0,432 2 


0,8 


2,094 6 


2,260 6 


2,359 8 


2,111 5 


0,8 


0,540 5 


0,537 7 


0,9 


2,124 7 


2,230 1 


2,339 3 


2,099 1 


0,9 


0,628 7 


0,627 


1,0 


2,126 9 


2,192 7 


2,298 2 


2,075 5 


1,0 


0,700 


0,700 


1,2 


2,086 8 


2,111 3 


2,190 3 


2,012 4 


1,2 


0,802 


0,805 4 


1,4 


2,023 6 


2,031 9 


2,079 


1,943 3 


1,4 


0,866 


0,871 9 


1,6 


1,957 2 


1,959 9 


1,978 7 


1,877 


1,6 


0,906 8 


0,913 9 


1,8 


1,895 3 


1,896 2 


1,892 5 


1,816 6 


1,8 


0,933 3 


0,940 8 


2,0 


1,839 9 


1,840 7 


1,819 8 


1,762 9 


2,0 


0,951 


0,958 4 


2,2 


1,791 4 


1,792 4 


1,758 6 


1,715 7 


2,2 


0,963 1 


0,970 2 
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Annex E 

(informative) 

Examples and mathematical references for sequential test plans 

E.1 Symbols 

In addition to the symbols given in 3.2.2 the following symbols are used: 

A constant 

B constant 

a the accept line's intersection with the raxis 

b the accept and reject line's slope 

b* b =bxm Q , Slope 

c the reject line's intersection with the raxis 

E r expected number of failures 

E t expected average time to arrive to a decision for n items under test 

h iteration variable for design of OC-curves 

h parameter used for computing E r 

h\ parameter used for computing E r 

P(r) probability ratio as a function of number of failures 

Po(r) probability of having exactly r failures in the time T* for true m = m 

P\(r) probability of having exactly r failures in the time T for true m = m-\ 

P r (r) probability ratio 

s parameter used for computing E r 

t test time for each test item 

t* a test time for each test item, stated as acceptance criterion 

test time for each test item, stated as reject criterion 

summation variable for failures 

afractile of the x 2 distribution with 2r degrees of freedom 

1- [3 fractile of the % 2 distribution with 2r degrees of freedom 



' r 




k 




x 2 


2<0 


4- 


#2r 
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E.2 Example of a sequential test 



Specified: n = 500 components that are placed on test with replacement. Producer and 



7 u-1 



consumer agree on Aq =9x10 h and a = p = 10 % and D= 3 



To be derived: Sequential test plan and simulated examples. 



1 R 

Procedures: m = — = 1,11x10 b h (= 126,8 years). 

A 



Since replacement is used the accumulated test time for 500 components, T , is: 



r* = nt =500 t 



where t is the test time per item. 



Test plan A. 3 satisfies the specified a, p and D while T a and T r are the accumulated test 

T* 
times for accept and reject, respectively, they are stated as multiples of m that is — — and 

m Q 

T* 
fr 

m 

T* nt* 

Each time a failure occurs, the point ( ,r) = ( ,r) should be plotted in the diagram and it 

m m 

should be noted whether it falls: 

- on or above the reject border lines, reject; 

- between the border lines, continue testing; 

- on or below the accept border lines, accept. 

The border lines have the following equations (see Table E.2): 



Reject lines: r = 1,63 + 1,82 



f T >\ 



m 
V J 



T T 

, < < 2,4 and r = 6, 2,4 < < 3,1 5 

m m 



Accept lines: r = -2,0 + 1,82 



( y ^ 



m 
V ) 



1,10< — <3,74 and 3,74 < r < 6 , — = 3,15 



W7 



m 



The abscissa can be changed to t* by multiplying by -^°-= 1 ,1 1x10 6 / 500 = 2 222 h. 

rriQ n 



72 



IS 81 61 (Part 7) :2012 
I EC 61124: 2006 



Instead of plotting in the diagram, Table A. 3 in Annex A can be used possibly by adding two 



columns showing t u and t r in test hours, that is t* a 

the quantities in the square brackets are the stated values. 



x— ^- a nd t*. 



m Q 



x-^5_ where 



An easy way to perform a sequential test is to put the table into a spreadsheet program with 
graphics. An example with fictive data is shown in Table E.1 and Figure E.1. 

Table E.1 - Example for a sequential test using test plan A. 3 (with example data) 



a = B= 10 %, D = 3, m = 1 ,1 1 x1 6 h, t* =2 222x— h 

m 


Test plan A. 3 


Test result 


r 


IL 
•"a 

Reject 

(equal or 
less) 


IL 

m 

Accept 

(equal or 
more) 


in hours 

Reject 

(equal or 
less) 


hi 

in hours 

Accept 

(equal or 
more) 


T* 
'"0 


t" 
in hours 


Decision 








1,098 





2 440 


0,000 





Continue 


1 





1,648 





3 658 


0,739 


1 641 


Continue 


2 


0,203 


2,197 


451 


4 878 


1,071 


2 380 


Continue 


3 


0,752 


2,747 


1 678 


6 098 


1,211 


2 688 


Continue 


4 


1,301 


3,152 


2 890 


6 998 


1,481 


3 288 


Continue 


5 


1,851 


3,152 


4 110 


6 998 


1,598 


3 548 


Reject 


r =6 


2,400 


3,152 


5 328 


6 998 








7 


3,152 


N/A 


6 998 


N/A 
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Figure E.1 - Example of a sequential test using test plan A. 3 - 

a = p= 10 %, D= 3, m = 1,11x10 6 h; r versus r* 



E.3 Mathematical references for sequential test plans 

E.3.1 Determination of the test plan 

For a test item with an unknown m, probability of failing rtimes in an accumulated time of 
operation t is: 



P(r). 



1 


_ t/ 


\ 


e 


7m 






r\ 


V 




) 



(e.i; 



The test has to prove that m>m against m<m . This can be done by Wald's Sequential 
Probability Ratio Test (SPRT) [3] by testing the hypothesis H Q :m = m against the 
hypothesis //-| : m = m\ . 

It is required that 

- the probability of accepting m < m^ is less than or equal to the consumer's risk p, and 

- that probability of rejecting m > m is less than or equal to the producer's risk a. 
During this test, the probability ratio of the two probabilities is (see also Equation (E.5)) 



P r (r) = P l (r)/P (r) 
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The probability of having r failures in the accumulated test timer if the true m is equal to m 1 
is: 



P^r)- 



f * \ 
T 



" exp(- 



\ J 



T jm\ 



(E.3) 



The probability of having r failures in the accumulated test time T if the true m is equal to m 
is: 



P (r) 



( T * \ 



' exp(- 



m 

V J 



T /m 



(E.4) 



The probability ratio between the two probabilities is then: 



pt r ) = 3^L = D r . exp 
' P (r) 



1 1 
m-\ rriQ 



(E.5) 



This value is evaluated as being between the two constant values: 

B < P r (r) < A 



(E.6) 



Probability ratio in test is computed continuously and is compared to the two predetermined 
constants, A and B, using the following decision rules: 

if P r (r) < B, accept and stop testing; 

if P r (r) > A, reject and stop testing; 

if B < P r {r)< A, continue the test. 
The constants A and B are 



\-R D + 1 



2D 



(E.7) 



B: 



(E.8) 



The constant A contains the correction factor (D + l)/(2-D ) . This factor is used to better fulfil 
the nominal risks (see [4]). In the equation above, D is known as a discrimination ratio: 



D 



mo _ X\ 
m 1 Aq 



(E.9) 



With Equations (E.7) and (E.8) follows: 



B < D r exp 



J__J_\ 



< A 



(E.10) 



75 



IS 8161 (Part 7): 2012 
I EC 61 124: 2006 



Taking logs (to the base e), it follows that: 



ln(B)<r-ln(Z>) 

Rearranging the above equation by adding 
terms by ln(D) it follows that: 



v ■ u J 



T <ln(A) 



(E.11) 



J 1_ 



\ 



T to each term and by dividing all 



m-\ rriQ 



ln(B) 

ln(D) T ln(D) 



r*<,<^) + 






ln(D) ln(D) 



The above equation (E.13) is re-written as: 



(E.12) 



a + b-T < r < c + b-T 



(E.13) 



where r = a + b-T is the accept line and r = c + b-T is the reject line. 
The constants are: 



ln(B) 
WD) 



(E.14) 



ln(A) 
WD) 



(E.15) 



J 1_ 

m-| mQ 



D-1 



ln(D) m -ln(D) 



The test truncation time is calculated using the following: 



(E.16) 



m oX, 



W,2r 



(E.17) 



where the test truncation failure number r is determined from the ratio: 



%a;2r m\ _ 1 



^1-/3; 2>o 



OTg O 



(E.18) 



The chi-square variables having 2r degrees of freedom can be found in statistical tables or 
spreadsheets that have statistical functions. The value of r is determined to obtain the two 
chi-square functions having a ratio greater or equal to 1/D. 
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The minimum test time for acceptance without a test failure is: 

* OL 

*a, min = ~~r ('-•' ") 

b 

E.3.2 Determination of operating characteristic curve 

The operating characteristics curve is determined by the following approximation [3]. 

PJh) = J^ (E20) 

The value h is found from the following equation: 

D h -1 

m = mn 7 r (E.21) 

U h-(D-\) 

E.3.3 Determination of expected test time 

a) Tests with replacement of failed items 

The expected test time for n > 1 items under test with replacement is derived as follows: 
Expected number of failures in test to reach a decision is: 

fr-Pafa)-*!) (E . 22) 

s — m 

where 

*i="o- ! 5^- ( E - 23 ) 

h = mo ] ^ (E.24) 

ln(D) 1 , P 9J -x 

D-1 fo 

When the expressions of Equations (E.20) through (E.22) are substituted into the Equation 
(E.22) the expected number of failures is then: 

Er=mQ .P a (HA)-HB))-HA) 

U m-(D--\)-m -\n{D) 

The average expected test time to reach a decision is: 

E t =^E r (E.27) 

n 
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The expected test time in terms of m for tests with replacement is withTg* = n-E x =m-E x : 

T* _m-E r _ P a [ln(A)-ln(B)]-ln(A) 



m m 



m-(D-1)-m ln(D) 



(E.28) 



b) Tests without replacement of failed items 

When the test is without replacement, the average test time to arrive at a decision for n > r 
items under test is: 



E t =mln 



I n ^ 



(E.29) 



with E r from Equation (E.26). 



E.4 Border lines and coordinates 



The following table shows the extreme coordinates of the border lines and the constants for 

* T* * T* 

the border line equations for acceptance, r a =a+b and for rejection, r r =c + b with 

m m 



b = b ■ niQ 



D-1 

ln(D) 



Table E.2 - Constants for border line equations and their coordinates 
for sequential test plans A. 1 to A. 9 



Test 
plan 


a = j8 

% 


D 


Constants for 
border line equations 


Coordinates for border lines YT /m ; r] 


a 


b* 


C 


Reject line 


Accept line 


A.1 


10 


1,5 


-5,42 


1,2334 


4,97 


0; 4,97 


29,22 ; 41 


4,39 ; 


33,09 ; 35,32 


A.2 


10 


2 


-3,17 


1,4427 


2,755 


0; 2,76 


8,49; 15 


2,20; 


10,30 


11,69 


A.3 


10 


3 


-2,00 


1,8205 


1,631 


0; 1,63 


2,40 


6 


1,10; 


3,15 


3,74 


A.4 


10 


5 


-1,37 


2,4853 


1,05 


0; 1,05 


0,79 


3 


0,55; 


1,10 


1,37 


A.5 


20 


1,5 


-3,42 


1,2332 


2,97 


0; 2,97 


12,19 


18 


2,77; 


14,37 


14,30 


A.6 


20 


2 


-2,00 


1,4427 


1,58 


0; 1,58 


3,75 


7 


1,39; 


4,73 


4,83 


A.7 


20 


3 


-1,26 


1,8205 


0,89 


0; 0,89 


1,16 


3 


0,69; 


1,54 


1,53 


A.8 


30 


1,5 


-2,09 


1,2332 


1,64 


0; 1,64 


4,35 


7 


1,69; 


5,41 


4,58 


A.9 


30 


2 


-1,22 


1,4427 


0,81 


0; 0,81 


1,52 


3 


0,85; 


1,91 


1,54 
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Annex F 

(informative) 

Design of sequential test plans using a spreadsheet program 



F.1 List of symbols 

In addition to the symbols given in 3.2.2 and in Clause E.1, the following symbols are used in 
this annex : 

a the acceptance line's intersection with the raxis 

b the slope of the accept and the reject lines 

c the reject line's intersection with the raxis 

n number of items on test 

E r expected number of failures 

E t expected average time to arrive to a decision for n items under test 

F.2 Construction of sequential plans using software tools 

F.2.1 Construction of sequential test plans 

The test plans with the decision lines as well as the truncation time can be constructed and 
optimized using commercial software or any commercially available spreadsheet that allows 
insertion of functions and equations. 

Given the worldwide use of computers and the development of state-of-the-art standard 
computer software, the spreadsheet is developed to ease the process of curve development 
and use, especially in cases where unique parameters are given, those that cannot be readily 
found in a table or prepared graph. 

The spreadsheet is constructed with the advantage of embedded equations that use 
parameters given in the spreadsheet such as: producers and consumer's risks (a and /?), 
discrimination ratio (D), and m . By changing the parameter values, and by determination of 

the test termination time r t the necessary plot is re-drawn from the initial plot. 

The sequential test example provided in Clause F.3 provides step-by-step construction of a 
spreadsheet for a sequential probability ratio test, SPRT. 

This methodology may make the use of pre-prepared graphs and tables obsolete unless 
computer access is not available. Test plans described in the following clauses of this 
standard can also be graphed using the embedded graphing methodology for the determined 
test parameters (test plan number), or they can be used for any value of the test parameters, 
regardless of the existence of the pre-prepared charts. 

Once set up with all embedded equations, the graphs can be re-drawn for any required 
parameters. 
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When calculated and plotted with the spreadsheet, test plans A.1 to A. 9 may slightly differ 
from those shown in the Annex A. The difference is a result of rounding of the chi-square 
functions, which in turn might result into selection of different numbers of the maximum 
allowable number of test failures. The spreadsheet calculations disregard rounding of the 
numbers; therefore, the resultant calculations and graphs are more precise. 

When preparing the test plans in a spreadsheet, as explained in Clause F.3, the last number 
of failures for rejection might appear slightly greater or less than the closes integer. This is 
because of the test gradation on the x axis. The gradation or granularity occurs because of 
the interval assigned to the increase of the test time. The calculated values for the number of 
failures at that corresponding time may end up being slightly above or below the integer. The 
solution would be to adjust the increase of the test time in the proximity of the rejection 
number of failures so that the plotting can stop at the integer, or to replace the end (reject) 
values by the corresponding integer number of failures. 

F.2.2 Construction of the OC curves and the estimated test time for the sequential 
tests using a spreadsheet 

The OC curves are based on equations in Clause F.4. As OC curves represent a plot of 
probability of acceptance as a function of m, the spreadsheet includes assigning values to the 
variable h such that the resultant m values would be within the range (and exceeding that 
range) of the values of m 1 and m . Values of the variable m are then calculated from the 
values of its variable, h, and the probability of acceptance is calculated from the values of the 
variable h and then plotted against values of m. 

The procedure is explained in Clause F.4. 

Determination of the estimated test time is also explained in Annex E and use of a 
spreadsheet to prepare graphs as a function of m is shown in Clauses F.3 and F.4. 

F.3 Construction of sequential test plans using software tools 

To set up a spreadsheet, enter headings for specific parameters and the appropriate 
equations as shown in Figures F.3 and F.4. The example in Figure F.4 is the spreadsheet 
used for the preparation of test plan A. 5 shown in Annex A. 

In Figure F.1, parameter values are set in cells C3, D3, F3 and G3, while the equation shown 
in E2 is embedded into the E2 to calculate discrimination ratio from m and m,. 

For different values of parameters, all other values in the spreadsheet, once all equations are 
embedded, will be recalculated. 





A 


B 


C 


D 


E 


F 


G 


H 


I 


1 


r 


2r 


P 


a 


D 


n?o 


A77i 


7V 


Tflm-i 


2 










=$F$3/$G$3 










3 






0,2 


0,2 


1,5 


3 000 


2 000 






4 






=$C$3 


=1-$D$3 


=1/$E$3 










5 






0,2 


0,8 


0,667 











Figure F.1 - Beginning of the spreadsheet prepared to obtain 
a sequential test graph 

NOTE Symbols $ shown in the embedded equations of the spreadsheet denote that the value is fixed and that 
only the value of that specific cell address is used. This symbol may be different for the different spreadsheet 
programs that might be used. 
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Equations shown in C4 to E4 are those that need to be written into C5 to E5, typed in the 
same way only without the quotation marks. Such marks are inserted so as to display the 
equations in the spreadsheet. 



Further into the spreadsheet, the remaining equations needed for the upper and lower line of 
the sequential test (SPRT) graph are inserted as shown in Figure F.2. 





J 


K 


L 


M 


N 


1 


A 


B 


a 


b 


c 


2 


A _(1 -/?)(£> + !) 
2aD 


B= P 
(1-«) 


MB) 

' -ft) 


b = - 


In 


1 
m 1 


/ 




__ In (A) 


3 


=((1-$C$3)*($E$3+1))/ 
(2*($D$3)*($E$3)) 


=$C$3/(1-$D$3) 


= LN($K$4)/ 
LN($E$3) 


=((1/$G$3)- 
(1/$F$3))/LN($E$3) 


=LN($J$4)/ 
LN($E$3) 


4 


3,33 


0,25 


-3,419 023 


0,000 411 


2,969 362 















Figure F.2 - Continuation of parameters calculation for the lines 
necessary for the SPRT graph 

Values in J4 to N4 represent equations given in J3 to N3 respectively. 

When parameters a, b, and c are determined, then the lines can be plotted as a function of 
test time. The data for the accept and reject lines are shown in Figure F.3. 





O 


P 


Q 


R 


1 






a+bt 


c+bt 


2 




=05/$F$3 


=$L$4+$M$4*05 


=$N$4+$M$4*05 


3 


Variable 


Variable 






4 


t (hours) 


t/m (time = 
Number of 


a+bt 


c+bt 


5 








-3,419 023 


2,969 362 


6 


200 


0,1 


-3,336 812 


3,051 572 



Figure F.3 - Calculations of accept and reject line for the SPRT graph 

In Figure F.3 values on Q5, Q6, etc. and in R5, R6, etc, are equations inserted into the 
spreadsheet and those are shown in Q4 and R4 respectively. 

To calculate termination time T x (Equation E.16), it is necessary to determine the two chi- 

square functions shown in Equation (E.17). Those are also embedded into the spreadsheet as 
shown in Figure F.4, Plotted are the chi-square functions necessary for Equation (15) and 
their ratio, as a function of number of failures r, or double number of failures (2r). 
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A 


B 


C 


D 


E 


F 


G 


H 


1 


r 


2r 


a 


P 


D 


m 


m. 


77 


2 










=$F$3/$G$3 








3 






0,2 


0,2 


1,5 


3 
000 


2 
000 




4 










"=1/$E$3" 








5 










0,666667 








6 


















7 


















8 


















9 


= B10/2=r/2 


2r 


=CHIINV($C$3,$B1 
0) 


=CHIINV($D$5,$B1 
0) 


= D10/C10 






= ($F$3*D10)/2 


10 


0,5 


1 


1,642 376 


0,064185 


0,039 






96,28 


11 


1 


2 


3,218 879 


0,446287 


0,139 






669,43 


12 


1,5 


3 


4,641 630 


1,005173 


0,217 






1 507,76 


13 


2 


4 


5,988 616 


1,648776 


0,275 






2 473,16 


14 


2,5 


5 


7,289 273 


2,342532 


0,321 






3 513,80 


15 


3 


6 


8,558 058 


3,070088 


0,359 






4 605,13 


16 


3,5 


7 


9,803 248 


3,822320 


0,399 






5 733,48 


17 


4 


8 


11,030 090 


4,593572 


0,417 






6 890,36 


18 


4,5 


9 


12,242 141 


5,380055 


0,439 






8 070,08 


19 


5 


10 


13,441 963 


6,179076 


0,460 






9 268,61 


20 


5,5 


11 


14,631 420 


6,988672 


0,478 






10 483,01 


21 


6 


12 


15,811 990 


7,807329 


0,494 






11 710,99 


22 


6,5 


13 


16,984 793 


8,633 863 


0,508 






12 950,80 


23 


7 


14 


18,150 767 


9,467 329 


0,522 






14 200,99 


24 


7,5 


15 


19,310 653 


10,306 960 


0,534 






15 460,44 


25 


8 


16 


20,465 074 


11,152 120 


0,545 






16 728,18 


26 


8,5 


17 


21,614 562 


12,002 260 


0,555 






18 003,40 


27 


9 


18 


22,759 549 


12,856 950 


0,565 






19 285,43 


28 


9,5 


19 


23,900 418 


13,715 790 


0,574 






20 573,68 


29 


10 


20 


25,037 501 


14,578 440 


0,582 






21 867,66 


30 


10,5 


21 


26,171 094 


15,444 610 


0,590 






23 166,92 


31 


11 


22 


27,301 455 


16,314 040 


0,598 






24 471,06 


32 


11,5 


23 


28,428 790 


17,186 500 


0,605 






25 779,75 


33 


12 


24 


29,553 320 


18,061 800 


0,611 






27 092,70 


34 


12,5 


25 


30,675 199 


18,939 750 


0,617 






28 409,62 


35 


13 


26 


31,794 609 


19,820 190 


0,623 






29 730,28 


36 


13,5 


27 


32,911 683 


20,702 980 


0,629 






31 054,47 


37 


14 


28 


34,026 569 


21,587 970 


0,634 






32 381,95 


38 


14,5 


29 


35,139 366 


22,475 050 


0,639 






33 712,58 


39 


15 


30 


36,250 182 


23,364 110 


0,645 






35 046,17 


40 


15,5 


31 


37,359 130 


24,255 060 


0,649 






36 382,59 


41 


16 


32 


38,466 305 


25,147 780 


0,654 






37 721,67 


42 


16,5 


33 


39,571 798 


26,042 210 


0,654 






39 063,32 


43 


17 


34 


40,675 641 


26,938 270 


0,662 






40 407,4 


44 


17,5 


35 


41,777 972 


27,835 880 


0,666 






41 753,81 


45 


18 


36 


42,878 793 


28,734 960 


0,670 






43 102,44 



Figure F.4 - Determination of the test termination time 
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As shown in Figure F.4, termination time is calculated for variation of r and consequently the 
chi-square functions. In equations shown in row 9 are embedded in row 10. When the ratio of 
the two chi-square functions reaches a value greater than or equal to the value in cell E5 
(0,67 in this example), the closest integer for the number of failures is the number of failures 
determined as rejection criteria. This number is used for calculation of the test termination 
time. In order to facilitate selection of the closest integer the computation is made for values 
of r with a step of 0,5 causing 2r to step through all integers. Column H has an embedded 
formula for the test termination time corresponding to the chi-square function of column G and 
to the rejection failure number. In the example the test termination time is in bold and is equal 
to 43 102,44 h at r = 18. 

Further derivations of the spreadsheet to obtain the two lines, accept and reject along with the 
termination time and maximum allowed test failures is shown in Figure F.5. 
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L 


M 


N 





P 


Q 


R 


S 


T 


1 


A 


b 


c 


Variable 


Variable 


a+bt 


c+bt 






2 












=$L$3+$M 
$3*05 


=$N$3+$M 
$3*05 






3 


-3,41902 


0,000411 


2,969362 














4 








t(hours) 


t/m 


a+bt 


c+bt 






5 














-3,41902 


2,969362 






6 








400 


0,133333 


-3,2546 


3,133783 






7 








800 


0,266667 


-3,09018 


3,298203 






8 








1200 


0,4 


-2,92576 


3,462623 






9 








1600 


0,533333 


-2,76134 


3,627043 






10 








2000 


0,666667 


-2,59692 


3,791463 






11 








2400 


0,8 


-2,4325 


3,955884 






12 








2800 


0,933333 


-2,26808 


4,120304 






13 








3200 


1 ,066667 


-2,10366 


4,284724 






14 








3600 


1,2 


-1,93924 


4,449144 






15 








4000 


1 ,333333 


-1 ,77482 


4,613565 







£ 



a 



£ 
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34000 


1 1 ,33333 


10,5567 


16,94508 






91 








34400 


11,46667 


10,72112 


17,1095 






92 








34800 


11,6 


10,88554 


17,27392 






93 








35200 


11,73333 


11,04996 


17,43834 






94 








35600 


11,86667 


11,21438 


17,60276 






95 








36000 


12 


1 1 ,3788 


17,76718 






96 








36400 


12.13333 


11,54322 


17,9316 


17,9316 




97 








36800 


12.26667 


1 1 ,70764 




17,9316 




98 








37200 


12,4 


11,87206 




17,9316 




99 








37600 


12,53333 


12,03648 




17,9316 




100 








38000 


12,66667 


12,2009 




17,9316 




101 








38400 


12,8 


12,36532 




17,9316 




102 








38800 


12,93333 


12,52974 




17,9316 




103 








39200 


13,06667 


12,69416 




17,9316 




104 








39600 


13,2 


12,85858 




17,9316 




104 








40000 


13,33333 


13,023 




17,9316 




106 








40400 


13,46667 


13,18742 




17,9316 




107 








40800 


13,6 


13,35184 




17,9316 




108 








41200 


13,73333 


13,51626 




17,9316 




109 








41600 


13,86667 


13,68068 




17,9316 




110 








42000 


14 


13,8451 




17,9316 




111 








42400 


14,13333 


14,00952 




17,9316 




112 








42800 


14,26667 


14,17394 




17,9316 




113 








43102 


14,36733 


14,29808 




17,9316 


14,29808 


114 








43102 


14,36733 


14,29808 




17,9316 


17,9316 



Figure F.5 - Equations for accept and reject line along with the test termination 
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The upper, reject line is stopped at the time the number of failures reaches the reject number 
(approximately 18 in this example), This number is pasted in column S all through the reject 
time (to make the horizontal line in the plot). Column T that contains the number of failures 
increasing from the accept to reject lines at the test termination time, is completed by using 
the last number of column Q and the last number of column R for the same termination time to 
form a vertical test termination line. 

Column P of Figure F.5 is the test time measured in m Q plotted as a function of test time. The 
accept and reject line along with the test termination time and reject number of failures are 
shown in Figure F.6. 

Figure F.6 shows the plot that is automatically redrawn every time the test parameters are 
changed (a, /?, m v and m ). The only intervention needed from the operator is the addition of 
the rejection number of failures line, and the test termination line (columns R, S and T in 
Figure F.5). 

Value 17,931 6 that is the number of failures correctly calculated for the corresponding time 

T* 

of 12,133 33. This number can be substituted in the spreadsheet by the integer 18, or 

m 

the corresponding test time may be extended by a very small amount such that the calculated 
number of failures closely approaches 18 so that the reject number of failures appears as an 
integer. 




1,00 



2,50 



mlrriQ 



Figure F.6 - SPRT spreadsheet graphing example 

The graph in Figure F.5 was drawn by selecting the test times (in m ) and the values for the 
accept and reject line along with the reject number of failures and the test termination time. 
The graph is a scatter graph line. 

Once set up with all embedded equations, the graphs can be re-drawn for any required 
parameters. 
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A spreadsheet can be set up to automatically draw the OC curves for the given m and m 1 
The latter may be adjusted once the curves are completed to change the test time necessary 
for the required risks. Figure F.7 shows the spreadsheet for the example given in Figure F.6. 

F.4 Construction of the OC curves and the expected test time for decision, r e * 

A spreadsheet can be set up to automatically draw the OC curves for the given test 
parameters and m . Probability of acceptance is given in Annex E in Equations (E.18) and 
(E.19): 

P aW~ ( E - 18 ) 

Constant h is found in the following equation: 

m = m n , v (E.19) 

h- D-1 V ' 



The second equation, (E.19), cannot be solved for h, as to then substitute into Equation 
(E.18) so that the probability of acceptance can be expressed as a function of the true m. For 
that reason, the values are given to the variable h in the spreadsheet and then the values of 
m are calculated, The values are assigned to h in such a manner to obtain m in a range from 
value less than m 1 through values greater than m , At the same time, values of P a (h) are 
calculated for the same given values of h, and then the graph is plotted with the abscissa 
being the calculated values of m/m , and the values of P a (h) are plotted on the y-axis. 

The expected test time 7"* e for decision in measures of m is calculated from Equation (E.26) in 
Annex E: 

t' b _ E, _ m m P a [ln(A)-ln(B)]-ln(A) 

nig wjq I'Mg n-niQ m(D — 1) — bjq •In(D) 

(E.26) 
Te _ m P a ['n(A)-ln(B)]-ln(A) 

m m(Z)-1)-m ln(D) 

Figure F.7 shows the spreadsheet for the example shown in Figures F.1 through F.6 with 
embedded equations that apply to the parameters below them. Row 3 gives the equations as 
they are embedded in row 5. 

The corresponding values for m , A, B, and D are copied from their place in the spreadsheet. 
The symbol $ in this spreadsheet type denotes that the cell value is fixed, and would not 
change with another row or column. 
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X 


Y 


Z 


AA 


AB 


AC 


AD 


AE 


1 












n 






2 












1 






3 


Chosen 
values 


=(($E$3 A X5- 
1)/(X5*($E$3-1)))*$F$3 


=($J$4AX5-1)/ 
($J$4*X5-$K$4*X5) 


=(Y5/$AC$2)* 
AE5/$F$3 


=$F$3*(AA5* 

(LN($J$4)- 

LN($K$4))- 

LN($J$4))/(Y5* 

($E$3-1)- 

$F$3*LN($E$3)) 


4 


h 


m 


m/niQ 


P a 




m/niQ 


T e */mo 


E r 


5 


-5,0 


1041,98 


0,35 


0,0010 




0,35 


1,80 


5,18 


6 


-4,7 


1086,74 


0,36 


0,0015 




0,36 


1,94 


5,35 


7 


-4,4 


1134,60 


0,38 


0,0022 




0,38 


2,09 


5,54 


8 


-4,1 


1185,83 


0,40 


0,0034 




0,40 


2,27 


5,75 


9 


-3,8 


1240,71 


0,41 


0,0051 




0,41 


2,48 


5,99 


10 


-3,5 


1299,56 


0,43 


0,0077 




0,43 


2,72 


6,27 


11 


-3,2 


1362,72 


0,45 


0,0116 




0,45 


2,99 


6,58 


12 


-2,9 


1430,57 


0,48 


0,0174 




0,48 


3,31 


6,94 


13 


-2,6 


1503,54 


0,50 


0,0260 




0,50 


3,68 


7,34 


14 


-2,3 


1582,07 


0,53 


0,0387 




0,53 


4,10 


7,78 


15 


-2,0 


1666,67 


0,56 


0,0572 




0,56 


4,59 


8,27 



£ 



a 



& 



31 


2,8 


4525,96 


1,51 


0,9663 




1,51 


5,62 


3,72 


32 


3,1 


4867,08 


1,62 


0,9764 




1,62 


5,30 


3,27 


33 


3,4 


5239,88 


1,75 


0,9835 




1,75 


5,02 


2,87 


34 


3,7 


5647,59 


1,88 


0,9884 




1,88 


4,77 


2,53 


35 


4,0 


6093,75 


2,03 


0,9919 




2,03 


4,55 


2,24 


36 


4,3 


6582,31 


2,19 


0,9944 




2,19 


4,35 


1,98 


37 


4,6 


7117,61 


2,37 


0,9961 




2,37 


4,18 


1,76 


38 


4,9 


7704,50 


2,57 


0,9973 




2,57 


4,03 


1,57 


39 


5,2 


8348,32 


2,78 


0,9981 




2,78 


3,90 


1,40 


40 


5,5 


9054,99 


3,02 


0,9987 




3,02 


3,78 


1,25 


41 


5,8 


9831,09 


3,28 


0,9991 




3,28 


3,68 


1,12 


42 


6,1 


10683,90 


3,56 


0,9994 




3,56 


3,59 


1,01 


43 


6,4 


11621,51 


3,87 


0,9995 




3,87 


3,50 


0,90 


44 


6,7 


12652,87 


4,22 


0,9997 




4,22 


3,43 


0,81 


45 


7,0 


13787,95 


4,60 


0,9998 




4,60 


3,37 


0,73 


46 


7,3 


15037,77 


5,01 


0,9998 




5,01 


3,31 


0,66 


47 


7,6 


16414,60 


5,47 


0,9999 




5,47 


3,25 


0,59 


48 


7,9 


17932,05 


5,98 


0,9999 




5,98 


3,21 


0,54 


49 


8,2 


19605,24 


6,54 


0,9999 




6,54 


3,17 


0,48 


50 


8,5 


21450,97 


7,15 


1,0000 




7,15 


3,13 


0,44 



Figure F.7 - Spreadsheet set-up for construction of the OC curves for the SPRT 

The computation ends when AA reaches 1. 
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Selecting Z5:AA50, and plotting a scatter line, OC curve for the probability of acceptance 
P a is plotted (shown in Figure F.8). 

The data source AC5:AD50 produces a graph for the expected test duration for reaching a 
decision, measured in units m (shown in Figure F.8). 




m/mo 



Figure F.8 - OC curve for probability of acceptance, P. 
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1,00 
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2,00 
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Figure F.9 - Expected test time for making a decision 
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F.5 Step-by-step procedure 

To calculate a test plan follow the following steps: 
Step 1 : Key in a,p,D,m ,m-\ as specified 

Step 2: Find in column E the first value larger than or equal to value in E5. Read in same line 
T* in column H and r in column A. 

Step 3: Find value closest to T{ in column O and type in the value found in step 2. 

Step 4: Copy r t * into the rest of column O to the bottom of the sheet. 

Step 5: Find value closest to r in column R. Copy that value to column S from the same line 
to the bottom of the sheet. Delete values in column R below this line. 

Step 6: For the line with the r,*found in step 5 in column O copy value in same line from 

column Q to the same line in column T. If there are values from a previous calculation in 
column S and T they have to be deleted. 

Step 7: Graphs are automatically updated. 
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Annex G 

(informative) 

Examples and mathematical references 
for fixed duration time/failure terminated test plans 



NOTE This annex uses the symbols listed in 3.2.2. 

G.1 Mathematical references 
G.1.1 General 

NOTE See Clause 7. 

There are four possible considerations that are applicable to the fixed duration tests: 

a) time terminated tests with replacement; 

b) time terminated tests without replacement; 

c) failure terminated tests with replacement; 

d) failure terminated tests without replacement. 

Failure rate and/or MTBF calculations are done as shown in 3.2.2. 

When fixed duration, time terminated tests are conducted with replacement, the test 
termination time, T* and the acceptable number of failures c is determined based on the 
following two equations: 

f \ k -— 



a 



m\ 



k\ 
k= ° _ (G.1) 

k T 



I 



i-«-X 



T 

m 



k -0 k[ 

The Equations (G.1) can be entered into a spreadsheet to determine time as well as the 
number of acceptable failures based on the required m discrimination ratio, and producer's 
and customer's risk, a and p. An example is shown in the Informative Annex F. 

The OC curve is given by plotting the probability of acceptance, P a (in a test of predetermined 
test duration T*) against the quantity m, where: 



Pa=e m ^^T J - (G-2) 

k=0 
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G.2 Examples on design of fixed duration failure terminated test plans 

G.2.1 Example 1 

Specified: A repaired equipment has a target MTBF = m > 1 500 h. One item is field-tested. 
The producer accepts a = 5 % risk to be rejected compliance, even if the target has been 
reached. The consumer accepts p = 5 % risk to accept compliance, even if the true m = 750 
h, thus D= 1 500/750 = 2. 

To be derived: Time/failure terminated test plan with accumulated test time for termination, 
T e , and the acceptable number of failures during the test, c. 

T* 
Procedures: Test plan B.2 states that — = 1 5,71 and c = 22. The test time is thus 

m 
T = 15,7 m = 15,71 x 1 500 = 23 550 h = 2,7 years 

during which 22 or less failures are acceptable for compliance. 

NOTE If the test time is considered too long, due to time scheduling, etc., the number of items under test may be 
increased, or D and/or the risks increased, A suitable and "balanced" test plan may also be designed according to 
8.2, where the test time can be chosen independently of m Q Combined test plans (see Annex D) should also be 
considered. 

G.2. 2 Example 2 

Specified: The same data as example D.1 : n = 500, X = 900x1 0~ 9 h _1 and a = j3 = 1 % and 
D=3. 

To be derived: Time/failure terminated test plan with accumulated test time for termination, 
r t * , and the acceptable number of failures during the test, c. 

T* 1 

Procedures: Test plan B.7 states that =3,1 and c=5. According to 3.2.2, m = — 

m Q " A 

and the test time is thus T* = ^- = 3 ' 1 _ Q = 3 44x1 3 h, and r, = — = 6 889 h = 0,8 

^0 900x10 9 n 

years, during which five or less failures are acceptable for compliance. 

NOTE Compared with the example in Clause E.2 using the sequential test plan A. 3, it is seen that the test time 
for the time/failure terminated test plan is slightly shorter than the maximum test time for the sequential test plan. 
For very good and very bad items, the test time for the sequential test plan may be significantly shorter; however, it 
is more complicated to schedule and administrate. 
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Annex H 

(informative) 

Design of fixed duration time/failure terminated test plans 
using a spreadsheet program 



NOTE 1 See Clause 7. 

NOTE 2 This Annex uses the symbols listed in 3.2.2 with the exception that T is called T due to limitation of the 
equation editor in the spreadsheet program. 

The equations (G.1) can be entered into a spreadsheet to determine time as well as the number 
of acceptable failures based on m , m^ , discrimination ratio, D and producer's and customer's 
risk, a and /? as shown in Figures H.1 to H.4. 

In Figure H.1, row 7, columns B to L contain the equation above this part of the spreadsheet 
(/? from Equation (G.2)), while columns M to W contain embedded equation shown above 
those cells (equation for 1 - afrom Equation (G.1)). 

Row 5 points out to those cells in row 7, and is related to the embedded equations shown in 
Figure H.2. Each of those equations is entered into the appropriate cell of the row 7, and then 
this row is copied and pasted down the spreadsheet for the length of time estimated for the 
test (shown in column Y). 

Columns Z and AA contain times divided by m 1 and m Q to express the time in terms of m and 
those are used in the embedded equations. 

The example in Figure F.1 shows the maximum acceptable number of failures up to 10. This 
number, if needed, can be extended and the embedded equations have to be adjusted 
accordingly. 

The equations are shown in quotation marks as this was the way to make them visible in the 
spreadsheet. When entered into the respective cells, the quotation marks have to be omitted. 
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B7 


'=( 


C7 


'=( 


D7 


'=( 


E7 


'=( 


F7 


'=( 


G7 


'=( 


H7 


'=( 


17 


'=( 


J7 


'=( 


K7 


'=( 


L7 


'=( 


M7 


'=( 


N7 


'=( 


07 


'=( 


P7 


'=( 


Q7 


'=( 


R7 


'=( 


S7 


'=( 


T7 


'=( 


U7 


'=( 


V7 


'=( 


W7 


'=( 



((Z7 A $B$5)/1)*X7" 

«(Z7 A $C$5)/$C$5)+B7/X7)*X7" 

((Z7 A $D$5)/(PRODUCT($C$5:$D$5))+C7/X7)*X7" 

((Z7 A $E$5)/(PRODUCT($C$5:$E$5))+D7/X7)*X7" 

«(Z7) A $F$5)/(PRODUCT($C$5:$F$5))+E7/X7)*X7" 

«(Z7) A $G$5)/(PRODUCT($C$5:$G$5))+F7/X7)*X7" 

«(Z7) A $H$5)/(PRODUCT($C$5:$H$5))+G7/X7)*X7" 

«(Z7) A $l$5)/(PRODUCT($C$5:$l$5))+H7/X7)*X7" 

«(Z7) A $J$5)/(PR0DUCT($C$5:$J$5))+I7/X7)*X7" 

«(Z7) A $K$5)/(PRODUCT($C$5:$K$5))+J7/X7)*X7" 

«(Z7) A $L$5)/(PRODUCT($C$5:$L$5))+K7/X7)*X7" 

«AA7 A $M$5)/1)*AB7" 

«(AA7 A $N$5)/$N$5)+M7/AB7)*AB7" 

((AA7 A $0$5)/(PRODUCT($N$5:$0$5))+N7/AB7)*AB7" 

(((AA7) A $P$5)/(PRODUCT($N$5:$P$5))+07/AB7)*AB7" 

(((AA7) A $Q$5)/(PRODUCT($N$5:$Q$5))+P7/AB7)*AB7" 

(((AA7) A $R$5)/(PRODUCT($N$5:$R$5))+Q7/AB7)*AB7" 

«(AA7) A $S$5)/(PRODUCT($N$5:$S$5))+R7/AB7)*AB7" 

«(AA7) A $T$5)/(PRODUCT($N$5:$T$5))+S7/AB7)*AB7" 

«(AA7) A $U$5)/(PRODUCT($N$5:$U$5))+T7/AB7)*AB7" 

(((AA7) A $V$5)/(PRODUCT($N$5:$V$5))+U7/AB7)*AB7" 

(((AA7) A $W$5)/(PRODUCT($N$5:$W$5))+V7/AB7)*AB7" 



Figure H.2 - Equations embedded into the spreadsheet shown in Figure H.1 

To achieve the goal of this process, determine the test duration and the acceptable number of 

failures, the spreadsheet is examined to find the test termination time T e . In this way, 

requirements for producer and consumer's risk are satisfied at the same time. Figure H.3 
shows how this is accomplished, using the same example as for Figures H.1 and H.2 



k=0 



m-\ 



'"1 



k\ 



(G.1) 



1"«-I 



T 

m 



mo 



k=0 



k\ 



In the spreadsheet of Figure H.1 the number of acceptable failures is found by looking for the 
closest value that satisfies both equations above. It is important to be conservative with the 
choice of value for consumer's risk; this value should be equal to or less than that given by 
the test plan. The value of producer's risk a should be close to the value given in the test 
plan. Both selected values shall produce the same acceptable number of failures. The time 

that corresponds to those two numbers is the test termination time r t * . 

In Figure H.1, the numbers closest to the producer's and customer's risk that correspond to 
the same number of failures is 0,201 (for /J), being the required consumer's risk, and 0,793 
(1 - a), allowing for a somewhat larger producer's risk (the test plan for both risks should be 
0,2). The test time corresponding to these values is T = 3 950 h. In the example of Figure H.3, 
it can be seen that the time corresponding coincidentally to both the requirement for a and the 
requirement for /? is 3 950 h or 7,9 times m 1 and 3,9 times m Q . 
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Step by step procedure: 

Step 1 : Type in a,p,mQ,m A and D as specified as shown in Figure H.1. 

Step 2: Type in the equations from Figure H.2. 

Step 3: Update data in step 1 if required to design a new test plan. 

Step 4: For number of failures cfind, in columns B through L, the row where the value is close 
to p . 

Step 5: For number of failures c find, in columns M through W, the row where the value is 
close to 1 -a . 

Step 6: Check if the row number found in step 4 is the same as the row number found in step 
5 for the same c. 

If yes: then c is the acceptable number of failures for the test plan. 

Find, in column AA, in the same row, the termination test time r t * /m Q . 

If no: go to step 7. 

Step 7: Repeat steps 4 through 6 with a new value of c until a suitable test plan is found. 

Step 8: Once a test plan has been found, go to step 3 to design another test plan, if required. 

The spreadsheet for plotting of the OC curve is shown in Figure H.3. 
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AE 


AF 


AG 


AH 


Al 


AJ 


AK 


4 






















Y l m J 




k=0 


5 


T 


3 950 


m 


m/m n 


P(m) 


exp(- 77/77) 








6 






1 


0,001 








8.02332E + 15 


7 






100 


0,1 


6.40087E-12 


7,00435E-18 


913841,544 


8 






200 


0,2 


8J0204E-05 


2,64657E-09 


32880,41747 


9 






300 


0,3 


0,009626203 


1.91333E-06 


5031,131547 


10 






400 


0,4 


0,071965387 


5J4449E-05 


1398,883901 


11 






500 


0,5 


0,200569118 


0,000370744 


540,9915374 


12 






600 


0,6 


0,357043975 


0,001383231 


258,1232042 


13 






700 


0,7 


0,504604639 


0,003542732 


142,4337663 


14 






800 


0,8 


0,626925929 


0,007172507 


87,40680312 


15 






900 


0,9 


0,721784843 


0,012414515 


58,1403958 


16 






1000 


1 


0,792895407 


0,019254702 


41,1793138 


17 






1100 


1,1 


0,845367954 


0,027573252 


30,65898579 


18 






1200 


1,2 


0,883877046 


0,037191811 


23,765367 


19 






1300 


1,3 


0,912154808 


0,047908538 


19,03950404 


20 






1400 


1,4 


0,933005094 


0,059520852 


15,67526438 


21 






1500 


1,5 


0,948473775 


0,071838601 


13,20284312 


22 






1600 


1,6 


0,960033944 


0,084690656 


11,3357717 


23 






1700 


1,7 


0,968741487 


0,097927349 


9,892450849 


24 






1800 


1,8 


0,975353686 


0,111420445 


8,753812547 


25 






1900 


1,9 


0,980415627 


0,125061787 


7,839450014 


26 






2000 


2 


0,984321804 


0,138761312 


7,093632861 


27 






2100 


2,1 


0,987359585 


0,152444851 


6,476831318 


28 






2200 


2,2 


0,989739798 


0,166051957 


5,960422361 


29 






2300 


2,3 


0,991618264 


0,179533887 


5,523293018 


30 






2400 


2,4 


0,993111017 


0,192851786 


5,149607571 


31 






2500 


2,5 


0,994305111 


0,205975098 


4,827307377 


32 






2600 


2,6 


0,995266335 


0,218880192 


4,547082713 


33 






2700 


2,7 


0,996044769 


0,231549186 


4,301655243 


34 






2800 


2,8 


0,996678794 


0,243968957 


4,085268902 


35 






2900 


2,9 


0,997198033 


0,256130304 


3,89332312 


36 






3000 


3 


0,997625488 


0,268027239 


3,72210486 



Figure H.3 - OC curve for the time/failure terminated fixed duration test 

In Figure H.3 the equation to be written in column AK of the spreadsheet is as follows: 

"=1+($AE$5/AA37)+(1/2)*($AE$5/AA37) A 2+(1/6)*($AE$5/AA37) A 3+(1/24)*($AE$5/AA37)M+(1/120) 
AK6 *($AE$5/AA37) A 5" 

Enter the following In cell AJ6: 

AJ6: "=exp(-$AE$5/AF6)" 

The probability of acceptance is then entered into AI6 as follows: 

"=AJ6*AK6" 
AH is entered as follows: 
"=AG6/$G$2" 

All the entries described above shall be made without the quotation marks. Figure H.4 shows 
the OC curve plotted for the example in Figures H.1 to H.3. AG is plotted as a function of AH. 
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Figure H.4 - OC curve plotted from the spreadsheet calculations 
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Annex I 

(informative) 

Examples and mathematical references for the design 
of alternative time/failure terminated test plans 



NOTE 1 See Clause 8. 

NOTE 2 This annex shows detailed examples referring to the procedures in Clause 8. 

1.1 Symbols 

In addition to the symbols given in 3.2.2 the following symbols are used in this annex: 

c, tentative value for rounding cto the nearest integer 

D' true discrimination ratio 

f{P a ,c) a function of P a and c 

P{c) the cumulative Poisson distribution 

p(c) probability density function of the Poisson distribution 

t * calendar time 

Uy y - fractile of the cumulative normal distribution y = O(iv) 

O(iv) cumulative normal distribution 

7 fractile of the distribution 

Mo, a tentative value for rounding /u to the nearest integer 

j"i value of n used to determine D' 

1.2 Examples 

1.2.1 Example 1 

Specified: X Q = 0,025 failures per year, a= j3 = 5 %, D = 2. 

To be derived: c, r t * 

Procedures: /u Q = 15,8 for D = 2 is found from the a= j3 =5 % curve in Figure C.3. 
A/u = 6,3 for /u = 15,8 is found from the a= p = 5 % curve in Figure C.4. 

Thus c= (15,8 + 6,3) rounded to 22, Then r t * = ^- = — '— = 632 component years. 

Aq 0,025 

For a specified test time t t = 1 year, n = 632 components. 
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For a specified number of components n = 1 000 follows t =— — = = 5 500 h. 

n 1 000 

1. 2. 2 Example 2 

Specified: X Q = 900 failures per 10 9 h, a = p = 10 %, D » 3 

To be derived: c, r t \ D' 

Procedures: Identify the point on the dashed a = p = 10 % curve in Figure C.1 for which 
D = 3, Follow the dashed curve to the intersection with the nearest c curve. 

Thus c = 5 is determined, giving ^ = 3,15 and D'= 2,95. 

Then r t * = ^_ = 3 ' 15 = 3,50x1 6 component hours. 

^o 900 x10" 9 

* T* 3 50x10^ 

For a specified test time u = 0,5 year = 4 380 h follows n = — l — = — = 799 

1 f * 4 380 

components. 

For a specified number of components n = 500 follows t* = iL = 3 - 50x1 ° = 7 000 h. 

n 500 

NOTE In this example, Figure C.1 should be used because the indicated point would appear just on the lower 
limit of Figures C.3 and C.4. In the overlapping range of the figures, Figure C.1 is the most accurate. In this 
example, Figure C.3 gives /jq = 3,05 whereas Figure C.1 gives /Uq = 3,15. Both Figures C.1 and C.4 give c = 5. 

1.3 Mathematical procedures 

1.3.1 General 

The procedures and formulae in this annex may be used to compute the test plan parameters 
instead of reading the values from the figures. 

p(c) = -^— (1.1) 



p(c)=i P (i)= e - fi i-^- (i. 2) 

i=0 i=0 t! 

NOTE In this annex, probabilities are not given as percentages. 
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1. 3. 2 Computations 

1.3.2.1 Determination of c and D for // < 5 

This case relates to Figure C.1. 

Specified: /u a= j3 

To be derived: D, c 
Procedure: 
Step 1 

Compute a tentative value, c t for c rounding to the nearest integer: 



^o+"i-«V^o"-°> 5 + -^ 

o 



(rounded ) 



(1. 3) 



where u^_ a = u y may be taken from Table 1. 2. 
Step 2 

Compute the d value from d = 1 - P(c) according to Equation (G.1) for jj, = /u utilizing the 
recursive relationship 



i +1 



(I.4) 



where p(0) = e M 
Step 3 

Compare d with a; if they are not reasonably equal, then increase or decrease c t by 1 and 
repeat step 2. 

Step 4 

Let p = d, and compute ^ by iteration using Equations (1.1) and (1. 2) in such a manner that 
P(c) converges to d and /u to /u^ 

Step 5 



Find the D'value from D' '■■ 



Mo 



100 



IS 8161 (Part 7) :2012 
I EC 61124: 2006 



1. 3. 2. 2 Determination of OC curves 

This case relates to Figure C.2 (and Figure C.1). 

Specified: c 

To be derived: Probability of acceptance P a = P a (fi , c) as a function of ju for fixed c. 

Procedures 
Step 1a) 

Compute P a (jLl , c) = P(c) for a suitable range of values of ju using Equations (1.1) and (1. 5) 

Step 1b) 

If c > 3, P a may be computed from: 

P a = y=0(u y ) 
using the approximation 



Step 1c) 

If c > 9, P a may be computed from: 

P a = y=0( Uy ) 
using the simpler approximation: 



u y ~$(c + Y) 



» -1 + - 1 



c + 1 9(c + 1 ) 



(1. 5) 



M » 2[2^ - V2( i u + c + 0,5)J 



(1. 6) 



NOTE Equations (1. 5) and (1. 6) may be used to find </ and j8', considering that for y> 0,5: (/ = 1-y, and for 
7< 0,5: p = y 

1. 3. 2. 3 Determination of // from OC curves 

This case relates to Figure C.2. 

In some cases, it can be useful to determine values from the OC-curve to obtain for example: 

- a starting value for iteration (see 1.3.2.1, step 4); 

- the first and last /u values for an exact OC curve (see 1. 3. 2. 2 step 1); 

- the (approximate) m value for determination of Dfor fixed y values. 
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Specified: c 

To be derived: Expected number of failures ju = f(P a , c), as a function of P a for fixed c. 

Procedures: 

Step 1a) 

Compute fl for a desired value of P a = P(c) by iteration, using Equations (1.1) and observing 
that Y =P a = 0(t; y ) 

Step 1b) 

If c > 3, fi may be computed using the approximation: 



jx ~ ( c + 1 ) x 



1 1 

9(c + 1) r V 9(c + 1) 



Step 1c) 

If c > 9, n may be computed using the simpler approximation: 



Uy 

~8~ 



/u « c + 0,5 + 3 -^ + Myi|c + 0,5 + 



2 



1.3.2.4 Determination of D and c for // > 5 

This case relates to C.land Figures C.3 and C.4. 
Specified: /u , a = (3 

To be derived: D, c 
Procedures: 
Step 1 

Compute the cvalue using the approximate formula (1. 3). 

Step 2 

Compute the D value from the approximate formula: 



D 



n 2 



1 + 



M-a 



(1. 7) 



(1. 8) 



(1. 9) 
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Step 3 (optional) 

Compute d = /?', for /u = /u using one of the following alternatives: 

- Equations (1.1) and (1. 4); or 

- Equation (1. 5); or 

- Equation (1. 6) 

Step 4 (optional) 

Compute the D' value, either according to 1.3.2.1, steps 4 and 5, or using the approximate 
formulae 1. 7 or 1. 8. 

1. 3. 2. 5 Determination of c and a = ft or o! = ft' 

This case relates to Clause C.2. 

Specified: /u D 

To be derived: c, a, j3 

Procedures 

Step 1 

Compute a tentative y t = a = [l from: 

where Uy = -/"o M^D --\) (1.10) 

Step 2 

Compute a tentative c value, c f , from Equation (1. 3). 

Step 3 

If ji 0t < 5, check c t , D' , a and /?' using equation (1.1). If necessary, increase or decrease c 
accordingly. 

Formulae (1. 5) and (1. 6) may also be used for determination of a' and /J' within their valid 
range. 

1. 3. 2. 6 Determination of c and n or t x 

This case relates to Clause C.3. 

Specified: A , D, a = /?, and f t , or n 
To be derived: c, /u = X Q nt x , n or t x 
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Procedures 
Step 1 

Compute a tentative /uq value // ot from: 



M r 



u \-a 

Vz3~-1 



(1.11) 



where u A _ a = (v r may be taken from Table 1. 2. 

Step 2 

Compute a tentative c value, c f , from Equation (1. 3). 

Step 3 

If /u 0t < 5, check c t , D\ a' and fl' using Equation (1.1). If necessary, change /u 0t continuously 
to achieve reasonable agreement with the specified values. 

Step 4 

Compute n or t t using n = -^- or t{ = -^- respectively. 

1. 3. 2. 7 Determination of D and c for a± ft 

Specified: /u a and j3, (a* ft) 
To be derived: D, c 

Procedures 

Step 1 

Find the average risk, y, from y = — 

Step 2 

Proceed according to 1.3.2.1 or 1. 3. 2. 4. 

Step 3 

Using the OC curves, by the procedures of 1. 3. 2. 2 or 1. 3. 2. 3 check whether the derived cvalue 
gives a' and /?' values in reasonable agreement with the specified a and p values, 
otherwise, increase or decrease c by 1 . 
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1. 3. 3 Tables of the cumulative normal distribution and its inverse 

Table 1.1 - Cumulative normal distribution for fixed upvalue 



u l 


2,5 


2,0 


1,5 


1,25 


1,0 


0,5 


0,0 


<D (u y ) = 7 


0,993 8 


0,977 3 


0,933 2 


0,894 4 


0,841 3 


0,691 5 


0,500 


1-7 


0,006 2 


0,022 7 


0,066 8 


0,105 6 


0,158 7 


0,308 5 


0,500 


NOTE Notice that u y = -u, . 



Table 1. 2 - Inverse cumulative normal distribution for fixed l-yvalues 



1-7 


0,01 


0,025 


0,05 


0,10 


0,15 


0,20 


0,30 


O (u y ) = 7 


0,99 


0,975 


0,95 


0,90 


0,85 


0,80 


0,70 


u y 


2,326 


1,960 


1,645 


1,282 


1,036 4 


0,841 6 


0,524 4 
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Annex J 

(informative) 

Examples and mathematical references 
for the calendar time terminated test plans 



NOTE 1 See Clause 9. 

NOTE 2 This Annex uses the symbols listed in 3.2.2. 



J.1 Examples 
J. 1.1 Example 1 



Specified: A non-repaired item has a mean time to failure = m = 2 000 h, corresponding to a 

1 

m 



failure rate Aq = — = 500x1 0" 6 h" 1 = 4,4 /year 



A number of items, n, is placed on a fixed calendar time test for t ceix about 500 h (3 weeks). 
The producer and the customer accept a = p = 5 % and D = 2. 

To be derived: p , n, c and final test time f* ca , t 

* 

Procedures: According to 9.4, /? =1-exp( — ^!iL) = 1 _ exp ( ) = 0,221. This value is not 

niQ 2 000 

indicated in IEC 61123, so r^ai.t needs to be adjusted. This is done using Equation (2) given 

in 9.4.1 with p = 0,20: t* csi ,\ = -m ln(1 - p ) = 446 h. 

In Table 2 of IEC 61 123, the following test plan is found for q = 0,80 or p = 0,2; a = p = 5 %; 
D= 2: 

n= 60 with c= 17 
The final fixed calendar test time fcai,t = 446 n is close to the specified 500 h. 

J. 1.2 Example 2 

Specified: The same data as in example 1, except that the maximum available number of 
items is n = 210, and the test time is to be determined. 

To be derived: p , final n, c and ^ai.t 

Procedure: In Table 2 of IEC 61123, the following test plan is found for a = p= 5 %; D = 2 
and n less than and close to the specified 210: 

n = 203 with c = 20 and q = 0,93 corresponding to p = 1 - q = 0,07. 

Using Equation (2) given in 9.4.1, the fixed calendar test time is determined as follows: 

f cai,t= -m ln(1 -p ) = -2 000 ln(0,93) = 145 h. 
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J. 2 Mathematical background 

Formula (1) given in 9.4.1 corresponds to the reliability R{t)='i- pq = exp( — )for exponentially 

rriQ 

distributed time to failure, where t is the calendar time. In cases where the number of failing 
items is small compared to the number of items under test, such as — < 0,1 , the procedures in 

n 

Clause 8 may be used. 
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Annex K 

(informative) 

Derivation and mathematical reference for the optimized test plans 

of GOST 27.402 

K.1 List of symbols used in Annex K 

NOTE The terminology in Annex K is different from the terminology listed in 3.2.2. 

A operating parameter 

a k number of the minimal interior point in the /(-section 

B operating parameter 

b k number of the maximal interior point in the /(-section 

i summation index in the /(-section 

j number of the horizontal section (for the acceptable boundary points), j = 0,1,..., R-1 

k number of the vertical section, k = 1 ,2,..., s 

/ or I number of the horizontal section (for the interior points) 

m summation index in the (/(+1)-section 

P a probability of acceptance (OC-curve) 

Pj probability of passing through point on the acceptable boundary 

Q(k) probability of an output of F-lines among the rejection boundary from all interior 
' points of the plan 

q-, probability of passing through inner point 

Jk) probabilities of F-lines passage through all acceptable boundary points 

Hi 

R maximum (reject) number of failures (operating parameter) 

s summation variable 

T the unknown MTTF or MTBF 

T t abscissa for vertical lines passing cross points of acceptable boundaries with 

horizontal lines 

r max maximum test time (operating parameter) 

Tp the specified unacceptable (reject) value of T 

T a the specified acceptable value of T 

T * mean (expected) test time to acceptance or reject decision 



7e» 



mean (expected) test time to acceptance decision 



t k test time to the /(-section 

f 1# ...f abscissa for vertical lines passing cross points of acceptable and reject boundaries 

t with horizontal lines 

a nominal producer's risk (type 1 risk) 

a\ true producer's risk 
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P 



...T, 



nominal consumer's risk (type 2 risk) 
true consumer's risk 
the unknown failure rate 

mean (expected) test time from /horizontal of /(-section to reject boundary during test 
time interval A^ +1 

k-th test time interval, A^ =t k - t k _^ 

abscissa for vertical lines passing cross points of acceptable and horizontal lines 
(test time to acceptance decision with /failures) 



R-1 



K.2 Test plan types and terminology 




Truncated sequential test plan 

The figure shows the operating 
parameters of a T/S plan (A, B, R, r max ). 

These test plans are found in Table 2 
and Annexes A and D. 




Time/failure terminated test plan (T/F) 

The figure shows the operating 
parameters of a T/F plan (A and R). 

These test plans can be found in Table 3 
and Annex B. 




Combined test plan from GOST 27.402 

The figure shows the operating parameters 
of a combined test plan (A, B, R). 
The operating parameter 6 causes a 
gradual change of the acceptance boundary 
and does not have a graphic analogue. 

These test plans can be found in Annex D. 



Figure K.1 - Test plan types and terminology 
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K.3 General introduction 



In these plans, the operating characteristic is: 



7=0 



(K.1) 



and the risks are: 



«-i 



oc = ^-P a {T a ) = ^-Y J P j {T a ) 

7=0 



(K.2) 



and 



P = Pa(Tp)=Y J Pj(Tp) 
7=0 



(K.3) 



Values of the mean test time to acceptance decision r e *(+) in the points T (for example T = T a 
and T = Tn) are computed using the following: 



H T jPj 
7=0 



w- *_i 



(K.4) 



7=1 



Values of mean test time r e * in the points T (for example T = T a and T = To) are computed 
using the following equation: 



7=0 k=\i=a k 



xd k) 



<r 



-AAt 



**+1-'+1 



i e-^1 X (^ + i) m H 

m=0 / 



(K.5) 



where g<*> = 1 - e" M *+i £ -^±ll 



m=0 



K.4 Procedure used for developing the optimized test plans 

The test plans in Annex D are copied from GOST 27.402 where more of these test plan types 
can be found. 

The test plans were developed using the following iterative procedure. 
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Step 1 (Preamble and preparation) 




Figure K.2 - Principle of test plans 

The characteristics of a common form of the plan with the free arbitrary acceptable and reject 
boundaries, maximum reject failures R and maximum test time T max shall be calculated. 




Figure K.3 - Partitioning of the test plan graph 

a) Vertical lines passing through cross points of acceptable and reject boundaries with 
horizontal lines are f. Vertical lines passing through cross points of acceptable boundaries 
with horizontal lines are r. 




Figure K.4 - Interior nodes and border nodes 
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b) Vertical and horizontal lines intersect at white points in the continue testing region. The 
points where accept boundary and horizontal lines intersect are black. To calculate test 
plan characteristics it is sufficient to examine only the black points. 

All the possible failure realization lines (F-lines) between two points of adjacent sections 
are shown by one arrow as illustrated in Figure K.5: 




Figure K.5 - Paths to the accept line 

c) Arrows show all the possible transitions of F-lines at interior points to the acceptable 
boundary: 




Figure K.6 - Paths to the reject line 

d) Arrows show all the possible transitions of F-lines at interior points to the reject boundary. 

Step 2 

Choose the necessary values of the initial data: D, a and [3 . 

Step 3 

Choose the type of plan, for example A-type plan (see Figure K.1). 



112 



IS 8161 (Part 7) :2012 
I EC 61124: 2006 



Step 4 

Determine the starting values of operating parameters A, B, R, 7" max for the first plan, The 
starting values A and B are calculated with the help of the Abraham Wald equations, The 
starting values R and 7" max are calculated the same way as for T/Fplan, Thus boundaries of 
the plan coincide with boundaries of A-type plans. This is used as a starting point for 
developing the test plans of Annex D. 



Step 5 

Calculate: 

a) probabilities of F-lines passage through all internal (q) points of the plan using 
Equation (K.6): 



q k)= e -u k y (*-1) (AA t ) 
«="ft-i 



(K.6) 



and probabilities of F-lines passage through all acceptable boundary (p) points of the plan 
using Equation (K.7): 






(K.7) 



Equation (K.7) is a special case of Equation (K.6) at /'= I 




Figure K.7 - Probabilities of paths transfer between nodes 

The probabilities q, p and Q/ k >; L, A k+lj , r e *, T*(+) are the functions of the unknown value 
T. 



Equations (K.6) and (K.7) are recurrent (identical to all points of the plan). Calculations 
under this formula are carried out for each point consistently on vertical sections and from 
below upward (it is possible from the top downward, but it is less convenient). 

b) values of the operating characteristic P a including true risks alpha and beta are computed 
using Equation (K.8): 



R-1 

7=0 



(K.8) 
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Particularly 



/?-i 



7=0 



(K.9) 



R-1 

P = P a {Tp)=Y jPj {T p ) 
7=0 



(K.10) 



c) values of the mean test time to acceptance decision r e *(+) in the points T (for example T = 
T a and T = Tp) are computed using Equation (K.1 1): 



R-1 



IjjPj 



?e*(+) : 



7=0 



R-1 

7=1 



(K.11; 



d) values of mean test time T* in the points T (for example T = T a and T = Tp) are computed 
using Equation (K.12): 



R-1 



*-i h 



7=0 k=M=ai < 



t k + 



' J k+\ 



<:+l 



m 



(k) 



1_ e -^ + i %(lA M ) m m\ 

m=0 I 



(K.12) 



where 



gp = 1 _ e - lA i+i y (jA*±ii 



m=0 

The starting parameter values under k = 0: t = 0, q Q (°) = 1 , qf°) = 

The probabilities Qf k ) of an output of F-lines along the rejection boundary from all internal 

points of the plan and corresponding mean test times ^-k + },i in interval A /<+1 are shown in 
Figure K.6. 

In Annex D values of these characteristics are calculated in 15 points including T=T a . 

The result of calculation is a plan for which values a 1 and ^ 1 do not coincide with nominal 
values a and /3, and the value T* and/or T*(+) is not the minimal possible one. 

Step 6 

Select new values of operating parameters A and B for inclined boundaries of the plan and 
compute another plan with other a^ and /^ values. 
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Step 7 

Repeat the procedure of step 6 until true values of risks will coincide with nominal values 
a^= a and ^-, = /S with the necessary accuracy. 

NOTE Risks of plans are given in Annex D to 4 decimal places, and calculated with the help of a computer to 
6 decimal places. 

The result is an accurate plan. However, it is still not the optimum plan. 

Step 8 

Change the value of the operating parameter 7" max and, if it is necessary, R, and repeat the 
procedure of steps 6 to 7 and compute another accurate plan with another value of T* . 

NOTE The number of accurate test plans with various values r e * is infinite. 

Step 9 

Repeat steps 6 to 8 until the plan with the minimal T* or T*(+) are found within the limits of 
allowable values and with the necessary accuracy. 

NOTE 1 Values of the t£ and t£(+) plans characteristics are given in Annex D to 4 decimal places, and 
calculated with the help of a computer to 6 decimal places. 

Such a plan is accurate and optimum. 

NOTE 2 Recursive equations in a full form (for example Equation (K.12)), are frequently unwieldy. They have an 
illustrative character and are not user-friendly. If the user wants to carry out manual calculations, he should "take 
the formula to pieces", identify a recursive element and use it for calculating in all points of the plan. The computer 
program also uses a recursion. 

K.5 The recurrent element 




Figure K.8 - The recurrent element - Two cases 
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